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The Second Edition of " The Artillerist's Manual, and British 
Soldier's Compendium " having been ti-anslated into French, with- 
out the consent of the Author; and a portion of the work having 
subsequently also been translated into Hindustani ; it is necessaiy to 
state that the right of Translation of this publication is reserved. 



entOTf^ at i^tatiantKi' Sail. 



** Horse OuardSj 
•* * Memorandum. 13<A October, 1856. 

** His Royal Highness, the General Commanding in Chief, strongly 
recommends to the Officers, and Non-commissioned Officers of the 
Army, the Revised edition of a Work, entitled * The Artillerist's 
Manual, and British Soldier's Compendium,' a work replete 
with the most useful Military information, and of which Major 
Griffiths, R.F.P., Royal Artillery, is the author. 

** By command of His Royal Highness, 

The General Commanding in Chief, 
(Signed) G. A. Wetherall, Adj. 'General'* 



Queen's Regulations, 1857. 

**Note. Page 119. 

'* Officers, and Non-commissioned Officers, are also recommended to 
provide thanselves with a work entitled * The Artillerist's 
Manual, and British Soldier's Compendium,' by Major Griffiths, 
Royal Artillery." 



*^* With reference to the foregoing Memorandum, Copies of the 
Tenth edition will be supplied to Non-commissioned Officers, and 
PrirateB, thronghout the whole of the British Army (Volunteers 
indoded) at the reduced price of Five shillings per copy, on applica* 
tiims from Officers commanding Regiments, Corps, and Detachments, 
addressed to Major F. Griffiths, R.F.P., Royal Artillery, St, Mary 
Boame^ Andover, Hants. 
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PEEFACE. 

Tenth Editim. 



I HAVE been aware for a considerable time that thei-e was a demand 
tor another edition of " The Aktillebist*s Manual, and British 
Soldier's Compendium/' and gladly would I have responded to the 
gratifying call ; but the alterations in, and additions to various por- 
tions of the aimaments in the two services were so fi-equent, and the 
struggle for supremacy between guns, parapets, iron shields, &c., was 
so Herce, and so interminable (and even still is so) that I was unwilling 
to record the various results, until approved patterns were officially 
sealed, and successful inventions, and improvements were promulgated. 

Moreover, the revision of ** Field Exercises^ and evolutions of In- 
tiantry ;" Rifle exercises ; Carbine, Pistol, and Lance exercises ; Sword 
exercise ; the introduction into general service of breech-loading Small- 
arms ; the revision of the tables of Ordnance, and Cai-riages, and an 
infinitude of changes in Materiel, &c., have been so important and 
extensive that 1 delayed the publication of the present Work, until it 
could be satisfactorily completed as a Compendium of theoretical and 
practical military science, to meet the requirements not only of the Army 
( Vide Memorandum^ dated Horse Guards, 13th October, 1856), as 
well as of the Royal Navy, obligingly encouraged as it has also been 
by the Lords Commissioners of the Admiralty ( Vide Naval Gun- 
nery, Part IX.). 

It is scarcely neoessai-y to detail all the additions and alterations in 
the present Edition. Comparing it with former publications, a zealous 
student will readily ascertain them ; but inter aKoSy attention should 
be directed to the undermentioned alterations, and additions : — 

Exercise, and Evolutions of Infantry. Rifle exercises. Bayonet 
exercise. Sword exercise. Carbine exercise. Pistol exei-cise. I^tnce 
exercise. Weight, and dimensions of Muzzle loaders^ and Breech 
loading Arms. 
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Small arm ammamtioo. Cartridge, Ball ; Boxer, Snider, converted 
Enfield Rifle. 

Boxes tor packing Ammunition. Barrels, and Cases, 

Weight, and Tonni^e of Caniages in the Service. 

List of Service Gmis, and Ammunition. Nature and Number oi 
Rounds of Ammunition carried by Rifle batteries. Laboratory 
stores. Combustible compositions. Hydroscope. Mantlet, iron. 
Adaptei-s. Madiine, rocicet. Rockets, War ; Life serving. Sights, 
for Bronze guns, Howitzers, Carronades, Land service sights. Sea 
service sights. Wood tangent scale. Hexagon brass slides. Wood 
slides. Pontoons. 

Penetration of the principal pieces of Ordnance. Filled cannon 
cartridges, Rifled ordnance ; Smooth boi*e ordnance. 

Cartridges, Ordnance, dimensions, &c. 

Shells, smooth bore Oi-dnance, Diaphragm, Boxer. 

Charges, bursting, approximate, shell. Shot, solid, cast iron. 
Grape. 

Armstrong guns. Projectiles. 

Naval Gunnery. "Notes on Naval guns, their stores, and 
fittings." 

Naval carriages ; conmion, and rear chock. 

Cases powder, metal. 

Ranges for Armstrong guns. 

Charges, and projectiles for Rifled guns, and for Smooth bore 
guns. 

Positions of batteries. Revetments. Fascines ; gabions ; Fou- 
gasses. Stockade. 

Defence, and attack of Posts. 

Cum multis cUiis, 

The Pakts are not quite similaily numbered to those in f'oi-mer 
editions, the chief portion of the information specially adapted for the 
service of the Royal Navy, being introduced in Part IX. 

Two new Plates, and a considerable quantity of additional matter, 
will evince my desire to render the Manual woithy the gratifying 
reception it has hitherto received, from its first publication in 1839 to 
the present time; in which period Nine large editidns have aheady been 
circulated throughout all ranks of the Army, and Navy; and civil 
Engineei'S have also consulted the portion of the Manual having 
reference to their scientihc profession. 

The old Artillerist acknowledges with just pride, and gra\A5w\ feA- 
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ings, that the Motto of this publication, ** Si quid novisti rectius istis, 
caodidus imperii : si non, his utere mecum/' has been most fully 
responded to; the Military and Naval authorities having most con- 
siderately, at all times, aided in the revision, and improvement of the 
Manual ; uid my esteemed friends and brother officers having readily 
contributed the valuable information required from their several 
*• Departments, and Factories. 

This will probably be the last edition of the Manual that I shall 
myself be able to compile, and publish ; but I fervently trust the 
Work will not become extinct ; as I shall at my death bequeatJi it as 
an Artillery legacy to my Son, Captain Leonard Griffiths, Royal 
Artillery ; who, for several years has been intimately acquainted with 
my literary exertions, and has materially assisted in .the publication of 
our Work, especially in the present edition. 

The experience, and credit my dear Son acquired in the Crimean 
campaign, will guarantee the successful continuance of a Compendium 
that has been most liberally encouraged by the Authorities, and has 
been cordially received by all ranks in the British United Services. 
" Vive; Vale,** 

Frederick AugfMtus Oriffith^. 
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AEMS, AKD AMMUNITION, 
IN THE BRITISH SERVICE. 



SMALL AEM AMMUNITION. 
« 

Dimensions of Boxes. 

Length, 1 ft. 4 ia.. Depth, 8J in. Breadth, 7^ in. 

induding the cleat. 

Weight of Boxes, 

Empty, 7 lb. 6 oz. 

Contents, and Weight of Barrels and Boxes, 



Rifle Musket, Pattern 1842 
Kifle Musket „ 1853 
ATtillcrj Carbine . • 
Victoria Carbine . « , / 



Babbel. 



No. 
of Car- 
tridges. 



500 
700 
750 
700 



No. 

of 

Caps. 



750 
1050 
1200 
1050 



Weight 
Med. 



lbs. oz. 

78 4 
75 8 

79 8 
69 Q 



I 



Box. 



No. 
of Car- 
tridges. 


No. 

of 

Caps. 


Weight 
fiUed. 


440 
440 

• . 


6*40 


lbs. oz. 

51* 8 
50 4 



ARMS, AND AMMUNITION. 



[part I. 



WEIGHT, AND DIMENSIONS, &0., 

Muzzle 





Mua&BT. 






Weight. 




Dbscbiftion of Abit. 

1 


& 
? 


«4 






Bayonet, or Sword. 




1 Cavalry Rifle Carbine, Pattern 1861 (a) . 

2 Royal Artillery do. Pattern 1861 (a) . 

3 Royal Engineer do. Lancaster . . • 

4 Naval Rifle, Pattern 1858 (6) . . . . 
.5 Long Enfield Rifle, Pattern 1853 (c) . • 

6 Short do. do. Pattern 1856i Z°\^'a I 

7 Ditto do. do. Pattern 1860/iSS(Q^t 

8 Whitworth Rifle, Pattern 1862. . . . 

9 Whitworth Short Rifle, Pattern 1863. . 

10 Westley Richards' Breech-loading Car- 

bine. 

11 Sharpens do. do. do. . . 

12 Terry's do. do. do. . . 

13 Cavalry Rifle Pistol, 8 inch .... 

14 Ditto do. 10 inch .... 

15 Deane, and Adams' Revolver Pistol, 54 

Gauge (e). 

16 Colt's do. do. 84 gauge (e) . . 

17 Deane, and Adams' do. 38 gauge (e) . 

18 Naval Smooth-bore Pistol 


lbs. ozs. 

• • 

9 4 
9 Of 

10 14 
9 12 
9 14| 

10 4 

10 10| 

11 9| 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 

• • 


lbs. ozs. 

6 11 

7 8 

7 6i 

8 8 
8 14i 
8 2^ 

8 8^ 

9 13i 
9 14 

6 8 

7 7 
6 3^ 

2 lOl 

3 2 
2 6^ 

2 9^ 

4 7i 

2 3^ 





(a) There are a Cavaliy Rifle Carbine and an Artillery Rifle Carbine, Pattern 
1A56. Both these Carbines have onl^ 3 Grooves, with a Pitch of 1 in 78. In 
other reqiects they are the same as those of Pattern 1861. 



»» 



(6) The Naval Rifle has a ''CuOass Swordrbayonet. 

(e) Previous to December. 1859, the Stocks of the En&eld Rifle. Pattern 1853, 
were 1 inch longer in the Butt than the present pattern. Several long Butt 
Stocks are therefore still to be met with. 
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EIFLE EXERCISES .♦ 

Rifles when unloaded are to be carried with the hammer down on 
the nipple ; when loaded, ihej are to be carried at half-cock. 

UAJSXJAL EXERCISES. 



Past m. — S, 1. Manual Exercise vith the Long Rifle, 



1. By Numbers. 

1. From the Order AjTns, 

2. Fix — bayonets. 

8. Shoulder — arms — ^Two. 

4. Present — arsis — Two — ^Three. 

5. Shoulder — arms — ^Two. 

6. Port — arms — Two. 

7. As a Front rank, Charge bayo- 

nets; 
As a Rear rank. Charge bayo- 
nets. 

* 

8. Shoulder — arms — Two. 

9. Advance — arms -^ Two — 

Three. 

10. Order — arms — Two — ^Three. 

11. Advance — arms — ^Two. 

12. Shoulder — arms — Two — 

Three. 

13. Support — arms — Two — 

Three. 



14. Shoulder — arms — Two — • 

Three. 

15. Slope — arms. 

16. Shoulder — arms. 

17. Order — arms — Two— Three. 

18. Unfix — ^bayonets. 

19. Slope — arms — Two. 

20. Oi-der— arms— Two— Three. 

21. Trail — arms. 

22. Order — arms. 

23. Advance — arms — Two. 

24. Trail— arms— Two. 

25. Advance — arms — Two. 

26. Order — arms — ^Two — Three. 

27. Ground — arms. 

28. Take up— arms. 

29. The short trail. 

30. Stand at ease. 



8, 2. The Manual Exercise with the Short Rifle, 



1. By Numbers, 

1. From the Order, 

2. Shoulder— arms — ^Two. 

3. Present — arms — ^Two — Three. 

4. Shoulder — arms — Two, 

5. Support— arms. 

6. Shoulder — arms. 

7. Order — arms — ^Two, 



8. Fix — swords. 

9. Shoulder — arms — Two. 

10. Port— arms — ^Two. 

11. As a Front rank, Charge- 

swords ; 
As a Rear rank, Charge- 
swords. 



/han ''Field Exercise, and EvoIuUons of Infentry .*• 



JO FUNERALS. [PART I. 



FUNERALS. 

Part VII.— iS'. 20. Directions for Funeral parties. 

The escort will be drawn up two deep, with opened ranks and 
unfixed bayonets, &cing the house, or marquee, where the corpse is 
lodged. When the corpse is brought out^ the officer commanding will 
proceed as follows : — 

Present arms — ^Reverse arms — ^Rear rank take close 
ORDER, March — By Companies (Sub-divisions, or Sections), 
Left wheel (or, on the Right backwards wheel) — Quick 
MARCH — Halt — Dress — Rear rank take open order — ^March 

— ^TO THE LEFT — FaCE — SLOW — ^MaRCH. 

t 

The remainder of the procession will be thus formed : — 

THE CORPSE. 

Pall-bearers on each side of the corpse. 

Chief mourners. 

Officers, or Non-commissioned officers, two and t^o, according to rank, 

the junioi's in front. 

When the head of the procession arrives near the spot where it is to 
meet the Clergyman — 

Companies (or Sub-divisions) to the left turn, right 
WHEEL — ^Halt — Ranks inwards face — Front rank four^aces 
step back — Slow march — ^Rest upon your arms reversed — 
Stand at ease. 

The Corpse having passed through^ 

Attention — Reverse arms — Ranks, right and left face — 
Slow march — Halt — Front, when near the grave and facing towards 
it — Rest on your arms reversed — Stand at ease. 

T?ie Funeral service will he performed, after which — 

Attention — Present arms — Shoulder arms— With blank 
cartridge, load— Fire three volleys in the air — Ready — 
Present. 

After firing Three rounds the men will be directed to " Order arms 
— Fix bayonets — Shoulder arms," and the ranks will be closed. The 
escort will then be marched back to camp, or barracks, in fours, sub- 
dlrisioDs, or Motions, right in front, in quick time. 



PART I.] 



SWORD EXERCISE. 
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8W0RD EXERGa[SE. 
Section II. — Cuts. Guards. Points. 
Words cf Cotnmand. 



Engage. 
Assault. 




Right— Defend. 
Second. 


One " 




Third. 


Two 
Three 


Right. 


Fourth. 


Four 


M 




One 




• Left— Defend. 


Two 
Three 


Left. 


Second. 
Third. 


Four 


Fourth. 


Slope swords. 


GUARDS, AND POINTS. 


Words of commamd. 


Guards, and Points. 




Right— Defend. 
Second. 


Point. 
Point, 


Third. 


Point. 


Fourth. 


Point. 


Left — ^Defend. 


Point. 


Second. 


Point. 


Third. 


Point. 


Fourth. 


Point. 


Slope swords. 


SWORD EXERCISE. 


Words of commamd. 


Right engage. 
Assault. 


Left engage. 
Assault. 


One —Point. 


One — ^Point. 


Two —Point. 


Two —Point. 


Three— Point. 


Three— Point. 


Four — Point. 


Four —Point. 




Slope E 


iwords. 



PURSUING PRACTICE, 
Words of command. 

Pursuing practice. 
Assault. 

One. — ^Point. Right. 

One —Point / Left, 

Tbree-PoiDt, \ Right. 
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PISTOL EXERCISE. LANCE EXERCISE. [>ART 1/ 



PISTOL EXERCISE. 



Words of command. 



Draw pistoL Prepare to load. Load. Rod. Home. Return. 
Cap. Ready. To the Front. Present. Fire. Load. Ready. To 
the Left. Pi-esent. Load. To the Right. Present. Fire. Loful. To 
the Rear. Present. Fire. Return pistol. 



Words of command. 

Round. 

Right front. 

Right rear. 
Left rear. 

Left front. 



LANCE EXERCISE. 



Engage, 



Wave, and 

First point. 

Second point and Thrust. 

Parry. 

Third point. 

Fourth point. 

Thrust. 

Fourth point. 

Carry lance. 



FIRST DIVISION. 



AGAINST CAYALKY. 



Words of command. 

Right front. 
Left front. 
Right rear. 
Lelt rear. 



Engage, 



Wave, Second point, and Thrust. 
Wave, Fourth pointy and Thrust, 
Third point. 
Fouith point. 
Carry lance. 



Words of command. 

Right front. 
Left front. 
/^jj^ht rear, 
Leh rear. 



SECOND DIVISION. 
AGAINST INFANTRY. 



Engage, 



First point, and Thrust. 
First point, and Thrust. 
Third point. 
Fouvtb pomt« 
Carry Wkcft. 
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PAET 11. 

FIELD EXERCISE, AND EVOLUTIONS OF INFANTRY.* 

XABCHINa. 

Part I. — S. 7. Lengih of Step, 

In slow, or quick time the length of a pace is 30 inches, except in 
"stepping out," when it is 33 inches, and in " stepping short" 10. 

In ** double time " the length of the pace is 36 inches. 

llie length of the side step, which is always taken in quick time, 
is 10 inches. 

N.B. When a soldier takes a side pace to clear, or cover another, 
as in forming four deep, the pace will be 24 inches. 
In stepping back the pace is 30 inches. 

8, 8. Cadence, 

In slow time 75 steps | 62 yards 18 inches j are taken 
In quick time 110 „ < 91 „ 24 „ > in a 
In double time 150 „ ( 150 „ — „ J minute. 

8. 39. Taking Open order, 1. From the Halt, 

t Rear rank, take open order, March — Hear rank, di'ess — Eyes front 
— Rear rank, take close order, March. 

2, On the March, 
t Rear i-ank take open order — Rear rank take close order. 

8, 41, Breaking off Files, 

f Three files on the left, to the right turn — Left-wheel. 

The front of the Squad may he further reduced by any number of 
files; suppose Two: 

f Two files on the left, to the right turn — ^Left-wheel. 

Any number of Files that have been broken off may be again ordered 
to the front; suppose Three: 

f Three files to the front — Two files to the front. 

AU the Files may be brought to the front at once by the Words-" 
f Files to the front. 



* Ncte 1. In consequence of the Itmlted size of this Manual, extracts only 
bave been taken from " Thk Field Exercise, and En'Oldtions of iNFAKxar," 
ibe matter selected being that generally required in the field. 

The PARTSk and Sections are numbered in conformity with the authorized 
pobUcation. 

iro<e2. Word* of Command, and Directions : — 

The Commander's Words an printed in . . . Shall Ga?tia.i^ 

The Execatdve words, &c •{• Small Print. 

The Direction^ &c. .....,,,, Italics. 
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Past II. — General Principles. 

VII. Belative PropoHkn of Paces to Files. 
Eadi man occupies a space of about 24 inches ; therefora, to ascer- 
tain the number of paces of 80 int^ies required for a'^gireir number of 
files, multiply the number of files bj 8, and divide by 10, the latter 
operation being accomplished by cutting off the last figure, which 
multiplied by 3 will designate the odd im^es. It will be usefiol to re- 
member, that 10 files require 8 paces, 20 files 16,.and so on— 100 files 
80 paces, 1,000 files 800. 



A COMPANY IN LINE, AND COLUMN. 

8, I. Formation of a Compamy th Zwm. 

Caution — As A CJompany in Line. 

1. Formation in Close order, — On the above caution, the captaiit 
will place himself on the right of the front nrnk, covered by his 
covering serjeant, who will be on the right of the rear rank ; the 
remaining officers and Serjeants will place themselves in a thii-d or 
supernumerary rank, three paces from the rear rank ; the lieutenant 
in rear of the second file from the left, the ensign in rear of the centre 
of the company, the third supernumerary in rear of the left sub- 
division, the fourth in rear of the right, ^e fifth in rear of the lett, 
and so on. 



2. Taking open order. 

* Rear rank take open 
ORDER — March. 



* Rear rank, di-ess — Eyes front. 

Supernumei-aiy itink, dress — Eyes firont. 

On the icord Steady, the Officers will 

port their swords. 



Steady. 
3. Resuming Close order. 
Rear rank take close order — ^March. | 

WHEELING FROM THE HALT. 

S: 4. A Company wheeling t from the Halt, from Column into 
Line, 

Caution. — As a Company in column, right in front. 

Left wheel into line — | Company— Halt. Dress. 
Quick March. | Eyes front. 

A Company in Column, Left in front, will be taught to wheel into 
Line in a similar manner, on the Commands — 



* rule J^ote^ page \&. 
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Right wheel into Line, &c. 

S. 5. A Company wheeling from the Halt, from Line into Column, 

Caution. — As a Company in Line. 

Open oolumn, right in 
. PBONT. Right about 
face. Right wheel, 
Quick march. Company, Halt — ^Front — Dress. 

A Company in Line xdUI also he taught to wheel into an Open Column^ 
Left in front, in like manner ; the Company, having been faced about, 
wM wheel to the left. 

S. 6. A Company wheeling any given number of paces, on eitJier 
flank, from the Halt, 

Paces, right (or 

left) wheel ; OR 

Paces on the 

bight (or left) 
backward wheel. 
Quick march. Halt — Dress. Eyes front. 

The eighth File wheeling eight paces will complete the quarter circle, 
fcur paces the eighth of a circle, and two paces the sixteenth of a circle, 

8. 7. A Company wheeling on the Centre, from the Halt, 

On the centre, right (or left). 

Or on the centre Paces 

to the right (or left) wheel. 
Quick march. — Steady. 

8, 8. Wheeling backward by Stib-divisions, or Sections from Line, 

1. Wheeling back on the Left, 

By sub-divisions (or sections) on the 
Left backwards wheel. Quick march. 

2. Wheeling back on the Right, In like manner Sub-divisions, or 
JSections, will wheel backwards on the right. 

5. 9. On Open column of Sub-divisions, or Sections, Wheeling into 
line, 

1. A Column, right in front, wheeling to the left, into Line, 

Left wheel INTO LINE. Quick march. | Halt — ^Dress. Eyes front. 

2. A Cohann, left in front, wheeling to the right, into Line. 

In like manner a Company in colunm of sub-divisions, or sections, 
left in front, will wheel into Line. 

Wheeling on a moveable pivot. 
A 10. W^eefffi^ from Coitann into Line, and from Line into 



Company, Halt — Dress — 
Eyes front. 



Halt — Dress. 
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1. From Column into Line, 

Right (or left) wheel into line. For- 
ward. 

2. From Line into Column, 

Br Compames (sub-divisions, or sec- 
tions) RIGHT (or left) WHEEL. FOR- 
WARD. 

On the move, by companies, sub-divi- 
sions, &c. Forward. 

iS'. 11. Columns changing direction. 

Change direction to the right (or 
left). Forward. 



While on the March, 



While on the MarcK 



From the Halt, 

Each company, ^c.f 
wiU wheel in succession^ 
Forward. 



Left wheel. For- 
ward. Fprward. 



8. 12. A Company in Line advancing from a flank in open Column 
of 8iA»divisionSi or Sections, 

1. By Sub-dimst07is from the Right. 

Right sub-division to the front; remain- 
ing sub-divisions, on the move, right 
wheel — Quick march. Forward. 

2. By Sub 'divisions from the Left, or Sections from either flank. 

A Company will advance by Sub-divisions from the Left in like 
manner, or by Sections from either flank, the rear Sections changing 
diiection. 

miscellaneous movements, and formations. 
S, 13. Marching past in Slow, and Quick time. 



Slope arms. March 
past in slow time, 
slow, march. 

Company — Halt. 



March past in quick 
time. Quick march. 



Left wheel. Forward. Left wheel. Foi-ward, 
by the right. Rear Rank take open order. 
Rear Rank take close order. Left wheel. 
Forward, by the left. Left wheel. 
Forward. 



Left wheel. Forward. Left wheel. For- 
ward. By the right. Left wheel. 
Forward. By the left. Left wheel. 
Forwcud. 
Company — ^Halt. 

S, 14. The EcheVon march of Sub-divisions^ or Sections, 

Take ground to the right (or left\ in echellon. 
On the move, by sub-divisions (or sections) right 

(or LEFr) WHEEL. QuiCK MARCH. — FORWARD. 

A Company on the march will tiike ground to a flank in echellon 

in the same manner, the command being " by sob-divisions (or 

SECT10Sa\ RIOHT (or LEFT) wheel, YOKWABiD.— B£-¥0RM com- 

I'^Jfr, Forward,*' 



lOHT FORM 
OOMPANY. 
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* S. 16. A Company, m Column of Sub-ditnsions {or Sections), 
Tmmg to the reverse flank. 

A Companj in CdamQ of sub-divisions, right in front, will form to 
le Right, as follows : — 

Leading Sub-division, right wheel. Double. For- 
ward. Halt — Dress up. B7 the Right. 
Left Sub-division, right wheel. Double. Forward. 
TEADT. Halt — Dress up. Eyes front. 

A Colamn of Sub-divisions Left in front will foiin Company to the 
eft in like manner. A Column of Sections will foim Company to the 
^erse flank on similar principles. 

^8. 23. Counter-marching, 

A Company in Column, right, or left in front. 

By Ranks, 

k>UNTEBMARCH BT RANKS. RI6HT AND LEFT I Company — Halt 

FACE. Quick march. | — From — Dress. 

INCREASING, AND DIMINISHING THE FRONT OF COLXTMNS. 

8, 24-. A Company diminishing Front, by forming Svb^divisions 
Vow the Halt, 

As A Company in column, right (or left), in front. 
Right in front. 



Halt— Front— 
Drtos. 



'ORM sub-divisions. Left sub-division, right 
about three-quarters faok. Quick march. 

tf Left is in front. Sub-divisions will be formed in a similar 
luumer, the Right sub-division moving to the rear of the Left. 

8, 25. A Company diminishing Front by forming 8t*b-divisions on 
he march. 

As a Company in column, right (or left), in front. 
Eight in front. 



'orm sub-divisioi^s. 



Left sub-division — Mark time. Right 
half turn. Front turn. 



If Left is in froi^t, Sub-divisions will be form^ in a similar 
nanner, the Right sub-division mo^nng to the rear of the Left. 

8, 26. Subdivisions diminishing Front, by forming Sections, 

The directions that apply to the formation of Sub"ii visions from a 
[Company, apply equally to the formation of Sections from Sub-di *!• 
aoQs: if the Company is halted, the Drill instructor will ^ive i^ 

* la oomequence of the limited size of this Manual, the ^tlon&t N»Yi\<:^ 
9 cbiefy dlrectiooBt Are neceaaarHj omitted. 
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woixls — Left (or right) sections, right (or left) about 
THREE-QUARTERS FACE, QUICK MARCH ; but, if on the march, the 
Captain will give the words — ^* Left (or Right) Sections, Mark time ; 
Bight (or Left) half turn" to both Sections. The Section leaders 
giving the words " Halt — Front — Dress," or ** Front tura." 

8. 27. Sections increasing Ihmt by forming SuMivisions from the 
Halt, 

Form subdivisions. Left section, left I Halt — Front, 
HALF face. Quick march. | Dress. 

8. 28. Sections increasing Front by forming Sub-divisions on the 
March, 

Eight in front. 

Form sub-divisions. | Left Sections, Left half turn, Doable, Front 

I tarn, Quick. 

A Column of Sections, left in iront, will form Sub-divisions in like 
manner, both from the halt, and on the march. 

S. 29. Subdivisions increasing Ihmt by forming Company, 

The dii'ections that apply to the formation of Subdivisions from 
Sections, apply equally to the formation of a Company from Sub- 
divisions. 

S, 30. Diminishing, and increasing Front by breaking off Files, and 
bringing them again to the Front, 

Files will be braken off, as described in Sec. 47, Part I. 

Break off Files. 

S.^\, Increasing, and diminishing Front by breaking into FourSp 
or Files, and re-forming Sections, Sii-divisions, or Company, 

A Company, or open Column of Sub-divisions, or Sections, right in 
front, may advance from the right in Files, or Fours, by the woi-ds — 
To the Right face (or Form Fours right) left wheel, quick 
MARCH; if the Column is Left in front, the fours, or files will advance 
from the Left in like manner. These movements may also be done 
when the Column is on the march, the commands then being — ^To THE 
RIGHT (OR left) TURN, LEFT (OR RIGHT) WHEEL: OR FORM FOURS, 
EIGHT — ^LEFT WHEEL : OR FORM FOURS, LEFT — RIGHT WHEEL. 

SQUARES. 
S. 32. Forming close Column of Sections, and Company square. 



Form company square. 



Foi*m close Column of Sections. 
Quick march. Prepare for Cavalry. 
Ready. Independent firing, &c., 
&c Order arms. 



The CompaDv will he re-formed, as foWowa ; — 
Bms-jtorm cojiPAsr. ] Ke-form oompany. Q,\i\c\l mnx^. 



PART n.] 
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S, 33. Forming Rallying Squares, 

Form Rallying Square. 

The square will advance 
(retire, or move to the 

RIGHT, OR LEFT). QuiCK 
MARCH. 

The square will halt. 



Re-form compant. 



The Square will adranoe (retire, 
or move to the right or letlj. 
luwards — Face — Quick march. 

Halt. Prepare for Cavalry — 
Ready. Order arms. 

Unfix Swords (or bayonets). Re- 
form Company. 



Part IV. — ^Field Exercise, and Evolutions op Infantry. 
Formation, and Evolutions of a Battalion. 

A BATTALION ON PARADE. 

8. 1. Formation of a Battalion on Parade in Open Column, Right 
inf)vnt. 

As a general rule, a battalion will assemble on parade in open 
column right in front. 

The usual post of the commanding officer in open column is on the 
pivot flank of the leading company ; that of the senior major, two paces 
from the reverse flauk of the centre of the right wing, and that of the 
second major, two paces from the reverse flank of the centre of the 
left wing. The adjutant is posted two paces from the reverse flank of 
the right centre company. When a column is ordered to advance, the 
major of the leading wing will place himself in rear of the pivot flank 
of the second company fiom the front, to superintend the direction, 
keeping clear of the Company leadei-s.* 



Tell off the Battalion. 
Nos. one to five. Right wing. 

Nos. six to ten, Left wing. 

Eyes front. 

8. 2. Wheeling into Line from Open Column, 



No. One. 
jNo. Two. 
&c. &c. 



&c. 



Left (or right) wheel into 
line. Quick march. 



Steady. 
No. 



front. 



Halt. Dress. Eves 



FORMATION, AND MOVEMENTS OF A BATTALION IN LINK. 

8, 3. Formation of a Battalion in Line. 

When a Battalion is formed in Line there is to be no intei-va.1 
between the Companies, 



ricle^ote2,jpage 19. 
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S. 4. A Battalion in Line taking Open order, and resuming Close 
order, 

1, Taking Open order, 

Reab rank take open ordeb. March. | Steady. 

2. Taking Close order. 

Rear rank take close order. March. | 

S, 5. Advancing, and retiring in Line, 

1. Advancing in Line, 

The Line will advance.* I ♦ Steady. 

Quick march. Battalion halt. | 

2. Betvring in Line, 

The line will retire. Right about Steady. 
FACE. Quick march. Battalion 
HALT — front. 

8, 6. Charging in Line, 

Prepare TO CHARGE. Charge. Batta- 
lion HALT. 

8, 7. Dressing a Battalion in Line, 
The battalion will dress bt the 

RIGHT (OR left;. COVERERS PACES 

TO THE FRONT. QuiCK MARCH.* 

Quick march. 

8. 8. Adoandng, and Retiring by Wings, 

1. Firing, and Advancing by Wings, 

The battalion will 
fire and advance 
by wings. 



• Steady. 

Halt. Dress up. 
No. — , Eyes front, 

• Steady. 



Junior Major, Left wing — ^Fire a volley at 
yards — Ready, Pi*eseut. Load. 

8enior Major, Right wing, By the left. 
Quick inarch. Right wing — Halt, &c. 

Junior Major, Left wing, Shoulder arms. 
By the right. Quick mardb, &c. 

8enior Major. Right wing— Fire a volley 
at yards — Ready, Present. Load, &c 

2. Firing, and Eetii^ng by Wings, 

Junior Major, Left wing — Fire a volley at 

yards — Ready, Pi-esent. Load. Shoulder 

arms. Right about face. By the left- 
Quick march. Halt — Front. 

8enior Major, Right wing — Fire a volley at 

yards — Ready, Present. Load, Shoulder 

arms. Right about fkce. By the right- 
Quick inarch. ll8\\^-^*o\A« 



The battalion will 
fire and retire 

BY WINGS. 
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S, 9. A BattaHcn in Line passing chstacles. 

If the obstacles are small, the files whose progress is interrupted 
hf them, ¥nll break off in the same manner as files are broken off from 
the flank of a Company in colamn. The moment the obstacle is 
passed, the files most move up again to the front. If a Company or 
Sub^division is required to break off, it will move by Fours, or if Files 
break off successively till they amount to a Sub-division, they will form 
Fours. 



Advance by fours from the right (or 
left) of companies. Form fours — 

RIGHT, left wheel ; OR FORM FOURS 
— ^LEFT, RIGHT wheel. 

Retire bt fours from the. proper 
right (or left) of companies. 
Form fours — left, right wheel; 
or form fours — right, left wheel. 



When the obstacles we 
swh as to require ail the 
Companies to break into 
Fours, 

If all the Companies 
of a Battalion retiring 
in Line are required to 
break into Fours, 



8, 10. Battalions in Line relieving each other, 

1. Advancing, 

BeTIRE bt fours from THE RIGHT. OF COMPANIES. 

Form fours—right. Right wheeu Quick 

MARCH. 

Halt— FRONT. Left wheel into line. Quick | Halt, Dress. 

MARCH. I 

2. Retiring, 

Retire bt fours from the proper right of com- I 
PANIES. Form fours— left, &c. I 



COLUMN MOVEMENTS. 

8,\\, Formation of a Battalion in Open column. 

The rules laid down for the formation of an open Column, Right 
in fhmt (in this Part, Section 1), are equally applicable to the foima- 
tion of an Open column Left in front. 

8, 12. Forming Close, or Quarter distance column from any more 
Open column, 

1. Closing from the Bait, 
Close to the front (or to quarter distance 
on the front company) : or close to the rear 
(or to quarter distance on the rear com- 
PANY). 

Remaining companies right about face; or 

CLOSE ON (or to QUARTER DISTANCE ON) NO. \ "Ra\\<— ^TOSlX. 

COMPANY. Companies in front, right about \ — ^V>r^a, 
TACB, Quick MABcu,* \ Slew\^. 



♦ No. 

Halt— Dress. 
No. 
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3. 



2. Formation of a Close, or Quarter distance Column, 

The arrangement of a Close, or Quarter distance column will be 
the same as tibat of an open column, the distances only being diffei'ent. 

A Column on the march, closing to the Front, 

Captain of the leading 
Company, " No. 1. Halt — 
Dress." The column will 
then be foimed as already 
described. 



Close to the front (or close to 
quarter distance, on the leading 

COMPANY). 



4. Closing to the Front without Halting, 

On THE MARCH — CLOSE TO THE FRONT (OR 
CLOSE TO QUARTER DISTANCE) ON THE 
LEADING COMPANY. REMAINING COMPANIES, 
DOUBLE. 



No. 



Quick. 



No. Halt 

— Front — Dress. 



-S'. 13. A Close, or Quarter distance column opening from the Front, 
Bear, or from any named Company, 

1. From the Front. 

Open to quarter (or wheeling) distance 
from the front. remaining companies, 

RIGHT ABOUT FACE. QuiCK MARCH. 

2. Opening from the Bear. 
Open to quarter (or wheeling) distance 

from the rear. remaining companies, 
quick march. 

3. Opening from a Central Company, 

The Companies, in front and rear of the central company, will pro- 
ceed as already described. 

4. Advancing in Succession from the Front. 



No. 
No. 



Half. 
Dress. 



Advance by successive companies from the 
front, at quarter (or wheeling) dis- 
tance, no. quick march. 



In Successkn, 

No, Quick 

march. 



5. Opening on the March, by Halting the Bear Company, 



Open to quarter (or wheeling) distance, 

FROM the rear. 



Bear Company 
Halt. ^ 

Movement as 
described from the 
. Halt. 

8, 14. Columns increasing, and diminishing their Front, and passing 
obstacles. 

When an open Column is on the mai-ch, each Company in suc- 
cession, as it arrives at a nanow space or defile, will, when necessary, 
d/miaish its front; and, as each Compauy clean the narrow 8^ce,'it 
must again increase its front. 
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S. 15. An Open Cohann changing direction^ and marching on an 
dignment, or mating into an alignment by the Flank march of 
Fours, 

1. Changing direction, 
A Battalion marching in Colamn may chancre direction by the imc- 
oessive wheel of its Companies on moveable pivots round the same 
point. 

8, 16. A Column at Close, or Quarter distance. Wheeling on a fixed, 
or moveable pivot, 

1. WTieeling on a Fixed pivot. 

Column — ^left (or right) wheel. Quick I 
(or double) march. Column — halt. | 

2. Wheeling on a Moveable pivot. 

Column left (or right) wheel. Column — | 
forward. i 

8. 17. A Close, or Quarter distance Column taking ground to a 
ficnk, tcheeling to the right, or left, 

A Column taking ground to a flank will wheel to the right, or left, 
m the principles laid down in the preceding Section. 

8, 18. A Close, or Quarter distance Column changing Front on the 
Centre, 

1. From the Halt, 

Change front on the centre. Right (or 

left) sub-divisions, right ' ABOUT FACE. 

Quick (or double) march. Halt — front, 

DRESS. 

2. On the March, 

Change front on the centre. Right (or 
left) sub-divisions — right about turn. 
Front turn. 

8, 19. Columns countermarching by Banks, 

In countermarching, both the front of the Column and the order of 
the Companies is changed, a column Right in front becoming a column 
Left in front, facing to the original rear. 

8. 20. Changing the Order of a Column^ by the successive march of 
the rear Companies to the front. 

When Sight in Front. 



By successive com- 
panies, REAR WING 
TO the front. 



/ 



Captain of rear company. No. Form 

Fours left. Quick march. Front — turn. 
By the right. 

Captain of next company, "No. ''Pottcv 

Foars left.. Quick march, Fvotv\i — Xmyu, 
B/ the right. 
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The remaining Companies will Baccesuyely follow in a similar 
manner. 

When Left is in front, the Right companies will be brought to the 
front in a similar manner, each forming foars to the right, and coming 
up in succession. 

8, 21. Changing the Order of an Open, ffcUf, or Quarter dittance 
column, formed upon a road where the space does not ad/nit of the 
flank movement. 

When Eight in Front 

By fours from the 

left, bear wing 

to the front. 
Fourth sections 

right wheel, 
Quick march. 



Captain of rear company. 
No. Form Fours — ^left. Right wheel. 



Fourth section, Halt. 

Captain of next company. 
No. Form Foui-s — ^leH. 



Quick march. 



Captain of left company. 
No. Front — form company. — ^Forward. 

The remaining companies will follow in like manner. A column 
Left in front will bring its rear companies to the front by fours from 
the Right in a similar manner ; the first sections being wheeled to the 
left. 

S, 22. Columns taking ground to a flank, by the EcheUon march of 
Sections, 

When a Column is i-equired to take ground to a flank in echellon 
of sections, each Company will move, as described in Part II., 
Section 14. 

8, 23. Columns taking ground to a Flank, 

Take ground to the bight (or left) in 
FOURS. Form fours— right (or lfft). 
(Quick march, if halted.) 

8, 24. Columns, when taking ground to a flank by Fo>irs, closing to 
Jess distance, or opening out to greater distance from any named 
Company, 

1. Closing to less distance. 

Close on No. — r- com pant (or close to 

quarter distance on no. company). 

• Column forward. 

2. Opening to greater disttnce. 
Open to quarter (or wheeling) distance 

from No. COMPANY. 

• Column — forward. pleted. 

On open ground Hit Companies in then moyements taay close, or 
cpea by the dJagotial march. 



♦ When the 
movement is <x>m' 
pleted. 



♦ When the 
movement is com- 
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Br THB DIAGONAL MARCH, CLOSB (OR OPEN 

OUT), &c. Remaining companies — ^inwards 
(or outwards) half turn. 



No. Right 

half turn. 

No. Left 

half tarn. 



S, 25. Application of the Fhnk march of Columns by Fours, 

The flank march of Columns by Fours will be found most usefiil in 
the adTance of large bodies of troops. 

FORMATIONS OF COLUMN, FROM LINE. 
8. 26. A Line wheeling hack into Open column from the Halt, 

1. By Companies into Open column. Right in front. 

Open column, right in front — right about | Halt — Front — 
FACE. Right wheel. Quick march. | Dress. 

2. By Companies into Open column, Left in front. 
Open column, left in front, will be formed in like manner. 

3. By Svb-divisions {or Sections) into Column, Eight in front, 
Br sub-divisions (or sections) on the left I 

backward — ^wheel. Quick march. | Halt — Dress. 

4. By Sub-divisions (or Sections) into Column, Left in front. 
Sub-divisions and Sections will wheel back on their right in like 

manner. 

When the Sub-divisions, or Sections, exceed twelve Files, the woi-ds 
of command will then be — 

Open column of sub-divisions (or sections) 
right (or left) in front, right about — 

FACE, &C., &C. 

8, 27. A Line wheeling into Open column on the march, 

Bv COMPANIES (SUB-DIVISIONS, OR SECTIONS) I 
RIGHT (OR LEFT) WHEEL. FORWARD. | 

When a Battalion is required to wheel on moveable pivots from the 
Halt, the caution must be given thus — 

On the move bt companies (sub-divisions, or 
sections) right (or left) wheel, quick 

MARCH. 

8, 28. A Battalion moving in Open column, from either flank, along 
the Bear, 

1. By Companies from the Eight, 



The battalion will move 
in column of companies, 
from the right^ along 



No. 1, Form Fours — ^Left. Left 
wheel. Quick march. Front turn. 
No. 2. Form Foura— L»^. 'Lt^ 



THE BEAR, I whcel, Quick march. ¥to\x\. \Aaxiu 

/ Companies in sucoession* 
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2. By Companies from the Left, 



Move in column of com- 
panies, FROM THE LEFT, 
ALONG THE KEAB. 



No. Form Fours — ■ Right. 

Right wheel. Quick march. Front 
turn. 



Companies in succession. 

S, 29. A Battalion formed in Line, advancing from a fUmk^ in 
Open column of Companies, Sub-divisions, or Sections, 

1. Advancing from a Flank, by Companies. 



No. ♦ Left (or right) wheel. 

Leading Company — Forward, 
No. — — ♦ Forwai"d. 
&c., &c., &c. 



Right (or left) company to 
THE front. Remaining 

COMPANIES ON THE MOVE, 
RIGHT (or left) WHEEL. 

Quick MARCH. Forward. 

2. Advancing from a Flank by Sub-divisions, or Sections, 
Right (or left) sub-division (or section) to 

the front, remaining sub-divisions (or 

sections), on THE MOVE, RIGHT (OR LEFT) 

WHEEL. Quick march. Forward, &c., &c. 

3. Advancing from a Flank by Companies, Si^-divisions, or 
Sections, on tJie March. 

Right (or left) company (sub-division, or 
section) to the front, remaining com- 
panies (sub-divisions, or sections) right 
(or left) wheel, &C., &C, 

S. 30. A Battalion in Line advancing in Double column of Comr 
panics. Sub-divisions^ or Sections. 

The following description of an advance by Sub-divisions will apply 
equally to an advance by Companies, or Sections. 

1. Advancing by Sub-divisions. 
Two CENTRE SUB-DIVISIONS Left sub-di vision, Left wheel.* 
TO THE FRONT, REMAIN- Right sub-division, Right wheel. f 
ING SUB-DIVISIONS, ON THE Two centre sub-divisions — Forward, 

MOVE, INWARDS — WHEEL. By the left. 

Quick march. Forward. ♦ Forwai-d. f Forward. 

iS'. 31. A Battalion formed in Line, retiring over a bridge, or 
through a defile, or retreating from a flank, or from both flanks in 
Bear of the Centre. 

1. From a Flank, by Companies. 



Retire by com- 
panies, FROM 
the left, in 
rear of the 

BIOJiT, 



Captain of Left Company. No. Right 

about face. Quick march. Left wheel. Forward. 
No. ——^ Right wheel Forward. By the right. 
Ecuih Company in succession {except the right 

Company). No. Right about face. Quick 

jBai'ch — Left wheel, FoTwar^i. 
No, U Right aboat £acc. C^vxXOk. mwO^u 
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A Battalion will retire by Companies from the Right in rear of the 
Left, in like manner. 

2. A Battalion will retire by Sub-divisions, or Sections, in the same 
manner as it retires by Companies ; the Captain will give the words 
*' Right about face '* and ** Quiclc march " to each of his sub-divisions, 
or sections ; the proper leaders will then take command and give the 
words •* Right (or Left) wheel, Forward." 

3. From both Flanks m rear of the Centre, 

The following description of the retreat by Sub-divisions will apply 
leqaally to a retreat by Companies, or Sections. 

♦ Two flank Sub-divisions. Right 
Sub-division, Right about face. Quick 
march. Right wheel. Forward. 

Left Sub-division, Right about &ce. 
Quick march. Left wheel — Forward. 

t Right about face. Quick march. 



Retire bt sub-divisions, 
from both flanks, in 
reab of the centre. 



{ Left wheel. Right wheel, 
ward. 



For- 



■f Captain of Left centre Com- 

pony, to the tvoo centre 

Sub-divisions. 
1 Corresponding Sub-divisions 

of the two Wir^s, 

5. 32. A Battalion in Line, forming Open, Quarter distance, or 
Close Column. 

1. Forming Open, Quarter distance, or Close Column, in rear of 
the Right Company, 

Open (quarter distance, or close) column Halt — Front, 
IN rear of No. 1. Remaining companies. Dress. 

FORM FOURS RIGHT. QuiCK MARCH. Steady. 

2. Forming Open, Quarter distance, or Close Column in front of 
the Right Company. 



Halt — Front, 
Dress. 
Steady. 



Open (quarter distance, or close) column 
in front of no. 1. remaining companies, 

FORM FOURS— RIGHT. QuiCK MARCH. 

3. Forming Open, Quarter distance, or Close Column in Front, or 
Rear, on the Left Company, 

A Battalion in line will be formed in column on the Left compiny 
in the same maimer as it is so formed on the Right company, the 
n^niaining companies forming Fours to the left. 

4. Forming Open, Quirter distance, or Close Column on a Central 
Company. 



Open (quarter distance, or close) column, 

RIGHT (OR left) IN FRONT, ON NO. 

FORM FOURS — INWARDS. QUICE MARCH. 



Halt, Front, 

Dress. 
Senior Major, 
SleaAy. 



See 



5. Jdvancttif/, or Retiring from either Flarik of Companica, 
Sect/on 9 of this Part, 
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6. Forming Double Columns, 

Double Column of Companies, or Sub-dlrisions, will be formed fi*om 
Line on the two centre companies or sub-divisions, in the same manner 
as single ccdumns ai'e formed. 

ITie Companies^ which 
mov^ to the rear of the Line, 
tcill countermarch round the 
rear rank. 



Double colvutx (or quarter dis- 
tance, OR close) double column 

ON THE TWO CENTRE COMPANIES 
FACING TO THE REAR. 



FORMATION OF LINE FROM COLUMN. 

S, 33. Forming Line to the Front, from open Column, on any 
nixmed Company, 

1. Forming Line on the Front Company, from the Malt. 
Sight in front. 

Form line on the front company, remain- 
ing COMPANIES FOUR PACES ON THE RIGHT 

backwards wheel. 
Quick march. 



Form line. Quick march. 
When the movement is com- 
pleted,* 



No. 1. Eyes 
Right, Di-ess, 
Eyes front. 

No. Halt. 

Dress. Eyesiix)ut. 

In succession, ""No, Right 

wheel. Halt. Dress up. Eyes 
front Senior Major. ^ Steady, 

When the Column is Left in front, Line will be formed in the same 
manner as when Right is in front. 

2. Forming Line on the Front Company in a direction oblique to 
the Front of the Column. 

In this movement the front company will be wheeled back on its 
reverse flank into the direction required, the remaining companies will 
be wheeled back half the number of paces wheeled by the front com- 
pany in addition to the four paces described in the preceding number of 
this section ; the formation will be completed as already explained. If 
the leading company is wheeled up on the reverse flanlc, the line will 
be foimed as described in Section 35 of this Part. 

3. Forming Line on Vie Rear Company from the Halt, 

Line may also be foimed on the rear company of a column, the 

remaining companies first being fiiced to the right about, and then 

wheeled four pa(«s on their right backward, if light is in front, and 

on their left backwards, if left is in front, the captains remaining on 

the pivot flank. The movement will be perfoi*med in all respect*) 

as described in No. I of this Section, except that each company will 

move rear rank in front, and after it has wheeled into the alignment, 

// will receive ihe word '*Foi-ward" from its captain, move to the 

rear, until its proper front rank is in line with tVv« rear i-ank of the 

halted company, and then be halted, fronted, and dr«a&^ \x^ mAaYvei!^ 
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4, Forming Line on a central Company, 



Form line on No. ♦ ; com- 
panies IN FRONT, RIGHT ABOUT 

FACE. Four paces on the right 
(or left) backwards wheel, t 
Quick march. 

Form line. Quick march. 
Front Companies* 



.♦ Eyes Right- 
Eyes front. 



No. 
Dress. 

No. — — .t Halt— Dress. 
Eyes front. 



Sear Companies.^ 



♦ Left (or right) wheel. 
Forward. Halt. Front — 
Diess up. 

t Left (or right) wheel. 
Halt — Dress up. Eyes front. 

5. An Open Column on the March, forming Line on the leading 
Company, 

If advancing, on the caution, FORM line on the leading com- 
pany, the commanding oflficer will then give the words, remaining 
COMPANIES left (or RIGHT) WHEEL, on which the leading company 
will continue to move straight to the front, and the remaining com- 
panies will wheel on moveable pivots, their captains changing lAank 
by the rear. When they have completed the eighth of a circle, the 
commanding officer will give the word forward, on which they will 
Kove on in echellon, and the captain of the leading company will give 
the word " Halt," change his flank, and then give the word ** Dress." 
The movement will then be completed in the same manner as it is per- 
formed from the Halt. 

If Retiring, the first part of the manoeuvre will be performed in the 
same manner as when the column is advancing, except that the captains 
will not change their 6anks on the caution, and the captain of the 
leading company will give the word " Halt — Front — Dress." The 
remaining companies will then form in the same manner as on a rear 
company from the halt. 

S. 34. An Open Column forming Line in inverted order, 

A battalion in column should be practised in forming line on the 
front, or rear company in inverted order, the right company on the 
left, and the left company on the right. The command will be given 

thus, IN INVERTED ORDER FORM UNE ON NO. 1 COMPANY, REMAIN- 
ING COMPANIES, &C. 

8. 35. A Battalion m Open Column, forming Line to the Reverse 
fiank. 

Leading Company. No. Right (or left) 

wheel. Double — Forward. Halt — Dress up. 

2nd Company, Right (or left) wheel. Double — ■ 
Halt — Dress up. 

Remaining companies in succession will form in 
like manner on the outward Bank o€ \])ci« \9fi\r 
halted company. 
Major, Steadjr, 



Form line to 
the reverse 

FLANK. 



/ 
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Columns of Sab-divisions, or Sections, will be formed to the jrererse 
flank in like manner. 

8, 36. Forming Line to the Front from Double Column, 

Line will be formed to the front on the march, from double column, 
on the same principles as from a single column. The following 
description of the formation from double column of sub-divisions will 
apply equally to the formation from double column of companies, or 
sections. 

Two centre sub-divisions — Halt. Four paces 
outwards — Close — Quick march. 

Left sub-division. Eyes left — Dress. 

Right sub-division, Eyes right — Dress, 

The remaining suh-divisions will form m stto 
cession, as descried in Section 33 of this Fart. 

Right (or left) sub-division, Left (or right) 
wheel — Halt — Dress up. Eyes front. 

Senior Major, Steady. 



FORSf LINE ON 
THE TWO 

leading sub- 
divisions, re- 
maining sub- 
divisions out- 
wards wheel. 
— Forward, 



S, 37. A Battalion in Double Column, forming Line to the Bight, 
or Left, 

1. Forming to the Right on the March, 



Column by the right. 
Form line to the 
RIGHT. Right wing — 
right wheel into 

LINE. 



Halt — Dress. Eyes front. 

The companies, ^c, of the Left wing 
toiH form successively to their reverse 
flank, in the manner described in SeC' 
tion 35 of this Fart, 

Halt — Dress up. 

Lme will be formed to the Left on precisely the same principles. 

2. Forming from the Halt, 

This movement may be performed from the halt, in which case the 
words will be form line to the right (or left), right (or left) 
WING, right (or left) wheel into line. The whole, quick 
MARCH, &c., on which the companies, sub-divisions, or sections of the 
named wing will wheel into line, as directed in Part IL, Section 4, or 9. 
The other wing will step off, and the rest of the evolution will be per- 
formed as alr^y described. 

DEPLOYMENTS, 

8, 38. A ^Battalion in Close, or Quarter distance Column^ deploying 
into Line, to either flank, 

DeplojrmeDtB will invariably be made on a front company and by the 
Jf*wlr march of Fours, unless the ground sViomW t«sA« \\. ti«c«BaarY to 
move in Files, 
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1. Fmm CbAmui, B,igiktf or Left in front to the pioot flank 



DSFIiOT TO THE 
LEPTy OR RIGHT. 

Form fours 
left, or right. 
Quick march. 



Ko. Bight (or Left)— Dress. Eyes 

front. 

No. -—^ Front turn. Halt. Dress up. Eyes 
front. Front turn. Halt. Dress up. Eyes 
front. 



2. JFiram Column JRighi, or Left in front to the Reverse flanks 

The Deployment will be made on precisely the same principle as 
when made to the pi^ot flank. 

5. 39. A B<Utali9n in Close, or Quarter distance Column, deploy- 
ing to both flanks. 



Deploy outwards, one company (or two, : 
OR more, companies) to the right. Form 

FOURS— outwards. <)UICK MARCH. 



Company, or com- 
panies, next in suc- 
cession fromthe front 
mov« to the right. 



S, 40. A Battalion in Double eolwnn deploying, 

1. A Double column at close, or quarter distance may deploy on the 
two centre companies, or sub-divisious, in the same manner as a single 
column. 

2. A doubte C9lumn deploying to one flank. 

The wing nearest the point of -appui will deploy on its rear Com* 
panj, or Sub-division. 

Form fours — bright (or left). | 

Quick march. I 

The other wing miXL take ground outwards in Fours, and, when the 
wing of formation has co^opleted its deployment, will continue the 
formation of the line by deploying on its leading company, or sub« 
diyision. 

i9. 41. A Battalion in Line changing Front by the intermediate 
Formation of open Colwnn on any named Company, 

1. To the Right, Left throum forward, on the right Company, 



Open column in front of No. 1, remaining 

companies form fours — SIGHT. QuiCK 
MARCH, &C. 

Or, open column in front op No. 1, which 

will wheel back on its right. 
Remaining companies, form fours right. 

Quick march, &c. 
Right wheel into line. Quick march. 



No. 1. On the 
Tight backwards 
wheel. Quick 
march. Halt. 

Dress. Eyes front. 



2. To the Left, Bight throum forward on the left Company. 
A 2Jae will change front to the Left on the left Comps^Tiy, Va Ooft 
^ ^gjliglj^ ^^ ^Ijg ^gjj^ Company, the \e^ wsn» 



wanner 
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pany iKsng wheeled back on its lefl, if the new line is to be formed 
pbliqaelf to the old one. The column will then be formed on its right 
in front, and it will be wheeled to the left into Line, 

3. To the Leftf left thrown hack on the Eight company. 

Open COLUMN in rear op No. 1. 

Remaining companies form 

FOURS right. Quick march, 

&c. 
Or, open COLUMN IN rear of 

No. 1, WHICH WILL WHEEL 
BACK ON ITS LEFT. 



No. 1. On the Left backwai'ds 
wheel. Qqick march. Halt. 
Dress. Eyes front. 

The i-emaining Companies will 
then foim Open column, right in 
front on the Right company, as 
directed in Section 32 of this 
Part. After which the Column 
will be wheeled into Line. 



4. To the Sight, right throum back on the Left company, 

A Line may change Front to the Right on the Left company, in the 
same manner as to the left on the right company. If the new Line is 
to \k formed obliquely to the old one, the Left company will be wheeled 
back on the right, the column will be formed Lett in £ront in rear of 
it, and then wheeled to the right into Line. 



). To the Right t or Left on a Central company, 

COLUMN LEFT TOR RIGHT^i IN FRONT. ON 



Open column left (or right) in front, on 

No. — — , &c. 
Or, open column left (or right) in front, 

ON No. f which will wheel back on 

ITS right (OB left). 

Remaining companies, form fours — inwards. 

Quick march, &c. 
Bight (or left) wheel into line. Quick march, &c. 



No. On 

the Right (or Left) 
backwards wheel. 
Quick march. 
Halt. Dresc 

Eyes front. 

After the 
Column is formed, 
it will wheel into 
Line. 



FORMATION OF SQUARES. 



general principles. 



1. Use, and application of Squires. — Men are formed into Square 

to resist attacks of Cavaliy, and occasionally to protect baggage, or 

treasure against cavah-y, or infantry. Squares may be farmed two 

deep, or four deep. When troops are aimed with breech-loaders, a 

twiMieep square is sufficiently strong to resist caraliy, and gives ample 

space for the officers, band, &c., in the centre. The four-deep square, 

formed from quarter distance column, is more compact, but at the 

#ame time more exposed to danger from the fire of Artillery. 

2. SIdlid Square, — Any compact mass of soldiers will be safe against 

^cavalry, if the outade men kneel down ttoii ^but VIeavc \A.^<MaAti 

vutwards. 
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8, 42. A Battalion in Column, forming Square^ Four deep, 
1. Farming Square four deep on the front Company of an Open 



column. 

On the fboztt com- 
pany fouk deep 
form square. 
Quick (or 
double) march. 



Remaining Companies^ except the tvco in rear 
of the Column. 

Mo. Sections — outwards. 

Tvco rear Companies close up. 
No. Halt, liight about face. 

2. Forming Square, four deep, on the Be^ir Company of an Open 
oofitmn. 

Eight Companies, right in front. 



On THE rjbarooupant, 
lOTJB DEEP, FORM 

SQUARE. Rightabout 
— FACE. Quick (or 
double) march. 



No. 6. Front — turn. Sections— outwards. 
No. . Front turn. Sections — out- 
wards. 

No. 2— Halt— Front. 
No. 1— Halt^-Front. 
If a Column on the inarch is ordered to form Squai-e, the leading 
Ccnnpanj will at once receive the words " No. ^— • Halt— Dress " 
fr(Hn its Captain. 

3. Forming Square, four deep, on the centre, from Open column* 
Sight in front. 

Sections — outwards. 

Front turn. 

Sections — outwards. 

Sections — outwards. 
&c &c. &c 

The Square uUl he completed on the Company 
of formation, as described in Nos, 1 and 2 of 
this Section, 



On the LEFT (or 

RIOHT) CENTRE 
COMPANY, FOUR 
DEEP, FORM 

SQUARE. Bight 

(OR left) wing, 

bight about 
FACE. Quick (or 
double) march. 

• 

4. A Column taking ground to a flank by Fours, forming Square, 
Four fkep. 

When a battalion m open column taking ground to a flank by fours, 
is required to foim square, the commanding officer will give the words 
OH THE left (or right) centre company four deep form 
SQUARE, wings INWARDS TUHN, on which the wings will turn in- 
wards, tiie captain of the named company will give the words " Sec- 
tions outwards," and square will be formed as already described. When 
the column is Right in front the square will form on the left centre 
oompany : when Left in front, on the right centre company. 

5. A Battalion in Quarter distance Column, forming Square, 
Four deep^ 

A oolamn at quarter distance will be formed into 8q\\«re m \)fcL^ 
— maimer aa aa open column, except that the commaading o^ceip 
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PAET III. 
ORDNANCE, CARRIAGES, ETC. 



ORDNANCE. 



GUNS. 



Guns are distinguished from each other by their metal, and weight of 
their shot. 

A Gvn {Smooth bore) is divided into five parts, which are named 
Cascablet First re-inforce. Second re-inforce. Chase, Muzzle. 

The metal is made thicker towards the breech than at the muzzle, 

to strengthen the piece, for the eltistic foi*ce of the Gunpowder is there 

gieatest, and diminishes in power as the space it occupies is extended. 

^The metal is made thmner towards the muzzle to make the gun 

lighter. 

The Dispart is half the difference between the diameter of the Gun 
at the base ring, and at the sw^ll of the muzzle. By affixing on the 
muzzle a piece of metal equal to the height of the dispart, the line of 
sight will be made parallel to the axis of the bore, and therefore an 
object within point-blank range can be seen. Howitzers, and some 
guns which have a patch or projection on the upper part of the muzzle, 
have no dispart, the semi-diameter of the muzzle with the patch added 
to it being equal to the semi-diameter of the base ring. Iron oi dnance 
(Bloomtield's) are intended to have a degree and a half dispai*t, but the 
founder is allowed two-tenths of an inch variation in casting Iron ord- 
liance, for any diflference which there may be between the intended and 
actual diameter of the base ring, and muzzle. 

Bronze Field Guns 6, and 3-pounders, 3 cwt. (4 feet), have a dispart 
of one d^ree ; 3-pomiders 2 J cwt. (3 feet) have a degree and a half; 
and 12-poandei'8, and 9-pounders have one degree and a quarter. 

The Angle of dispart is the number of degrees the axis of the bore 
would point a^Mve the object aimed at, when laid by the surface of 
the gun. 

Point-blank range is when the piece is laid at the object without 
any elevation ; the plane and the axis of the bore being parallel to 
eadi other. Its chance is measured from the muzzle of the pie{;e 
(fired with the service charge of powder) to the first graze of ^'^ 
shot, or point at which it Brst touches the ground. 

When a Shot isGred from a gun, it is acted upon by iVvree to>:c«&\— 
. Jst The explosion of the Powder, which urges it forward. 
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2ncl. The resistance of the Air, which teuds to stop it. 
3rd. The forco of gravity, which causes it to descend. 

When a shot has been fired from a gun one second of time, it has 
&llen 16y2 feet ; in two seconds, 64J feet ; in three seconds, 144f feet ; 
and proportionally for every additional second.* For this reason it 
is necessary to j^ive a certain degree of elevation to a gun : as, for 
instance, should the time of flight of a shot be two seconds, the gun 
must be pointed 64^ feet ; above the object intended to be struck, 
because in that time it will have fallen through that space ; therefore, 
the more distant the object is, the greater must be the elevation given 
to enable the shot to reach it* 

There are three modes of extending the range of a Shot without 
increasing the charge of powder, viz. : — 

1st. By raising the piece to a higher level. 

2nd. By giving its axis greater elevation. 

3rd. By ecoentiic projectiles ; experiments having shown that if the 
centre of gravity is placed directly above the centre of figure the range 
is greatly increased. 

A Tangent scale is afHzed to the breech of Guns, and Howitzers, 
by means of which the requisite elevation may be given, and the 
object seen at the same time. This scale has divisions, called degi'ees^ 
marked on it, and it is placed in a groove at the breech, from which 
it can be raised (being fastened by a screw) to give the necessary ele- 
vation. 

The divisions on the Tangent scale may be approximately found by 
multiplying the length of the piece in inches, from the base ring to the 
swell of the muzzle, by '017455, and the product will give the length, 
nearly of each degree, or division on the tangent scale. By subtracting 
the dispart from this product, the length of the tangent scale above the 
base ring for one degree of elevation will be obtained. 

When there is no dispart sight, the scale can only be used for 
elevations above the dispart angle. In this case the divisions must be 
marked, considering the top of the scale as the length conespondiog to 
the dispart angle. 

Tangent Scales, Land service. 

Tangent scales for Bronze oixinance (both for land and sea service) are^ 
of metal, and fit into a groove bored in the breech of the gun. 

There are three kinds of tangent scales for iron guns used in the 
land sei-vice. 

1. The metal scale, fitted to a metal block attached to the breech of 
the gun. This is used with Millar's dispart sight, also with the 
muzzle sight, in those guns where the shape of the breech admits of the 
scale being made of suthcient length. 



^ * Ji^cfe.^vide "Motion," "Forces/* &c,Ydocity,QtwVts,«A iais^>MoQ&RK 
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S. No. 1 wooden tangent scale is issued with Millar's sights, in 
addition to the metal scale, and is used for giving elevations beyond 
what can be obtained by the latter. Those now issued are made to 
fit the block with great accuracy. A piece of metal is also screwed 
on, into which the head of the metal scale is intended to fit. The 
latter should be raised as much as possible, and screwed tight, but 
not to prevent the wooden scale resting upon the top of the block. 

3. No. 2 wooden tangent scale is intended for guns not fitted with 
Millar's sights. They can only be used for giving elevations above the 
dispart ai^e of the gun. 

Tangent Scale, sea sebvice. 

For Sea-service iron ordnance, all breech tangent scales are made of 
hexagonal metal tubing, on the sides of which the elevation and cor- 
responding ranges are marked. They are fitted to gun-metal blocks 
attached to the breech of the guu. There is also issued for broadside 
guns, a wooden tangent scale, which is applied to the quarter sight, 
and by means of which the elevation of the gun may be determined. 

Sights, 

Sights for land-service guns (cast) have Millar's foresight, though 
they are not all exactly alike, there being a difference in the shape of 
the bottom to suit the curve of the gun. They are marked for the 
nature of the gun for which intended ; and after having been fitted, are 
marked for each particular gun. Thus 10-inch 84 cwt.. No. 35. 
No Bronze guns, or Howitzera, or Iron Howitzers have foresights, they 
being always laid by the muzzle. 

JSind Sights. 

For land-service Iron guns there are 3, viz., Millar's hind-sight. 
Wood tangent scale No. 1. Do. No. 2. 

Jimar^s Hind-sight. 

These oensist of a block of gun-metal, with a thumb screw, lead 
packing, a brass scale, and 3 screws. The blocks are of 5 diffo'ent 
patterns. The scale di^rs for eaich nature. It is tightened by a thumb 
screw working against a brass spring in the block. They are all gra- 
duated to I degrees. 

Wood Tangent Scale ^ No. 1. 

This is issued with all iron land-service guns, and is graduated up to 
8 d^rees for all natures. A brass staple is fixed on behind the scale, 
into which the head of the brass tangent scale, when elevated, fits. It 
is graduated in yards as well as degrees, and is marked for the nature 
of the gun for which intended. 

" Wood Tangent Scale, No. 2. 

This scale, like the last, is of walnut-wood, graduated f\^ \o % 
d^giees^ and with a scale of yards oa it. All the degrees, \iQVW«c, 
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are reckoned from the long radius. It is intended for use when other 
sights are lost or broken. It is not fixed on the gun, but, when used, is 
held in its place. 

Sights for Bronze guns ; and Bronze, and Iron Howitzers, 
The»e s<.-ale8 are let into sockets in the guns, and are secured by a 
gun-metal thumb screw. Each scale is graduated and marked for the 
particular nature of gun for which intended : gi-aduated up to 8^. 

Sea-service Sights, 

All Sea-seiTice Iron guns have Millei-'s foresight, the same as all the 
cast-iron land-seivice guns. There are 4 natures of Hind-sights. 

1. Hexagon Hind-sight. 

2. Hexagon Brass slides, in sets. 

3. Hexagon Wood slides. Do. 

4. Wood Side scale. 

1. Hexagon Hind-sight, 

This coiTesponds to Millar's hind-sight for land-service guns. It is 
fitted into a gun-metal block with a thumb screw, but without the pin 
for holding No. 1 Wood scale. The Scale is a hollow brass hexagon 
graduated on the six sides. 

1st side — degrees of elevation marked — ©— • 
2nd side is a scale of yards, range for shells full charge, marked S. F. 
3rd side is a scale of yards for shells with distant charge, marked S. D. 
4th side is a scale of yards for shot with a distant charge, marked D. 
5th side is a scale of yards for shot with full charge mai'ked F. 
6th side is a scale of yards for shot with reduced charge, mai'ked R. 
The 8-inch, and 10-inch guns have no D, F, or R scales. 

Hexagon Brass Slides, in sets. 

These correspond with No. 1 Wood scale for Land-service Iron guns» 
and consist of 1, 2, or 3 slides let into the sight block, in place of the 
brass tangent scale. They are used only for the following guns when 
mounted *a8 pivots, viz., 10-inch 84, or 86 cwt. — 1 slide graduated 
from 7^ to 10<^. 

8-inch 60 cwt., or 65 cwt. — two slides, the first from 5^ to 7i^^, and 
the second from 7^° to 10°. 

68-p'., 95 cwt.— 1 slide— 7° to 11°. 

32-pr., 58 cwt.— 2 slides— 4° to 7°. 

7© ^Q 20° 

32 -pr., 56 cwt.— 3 slides— 4° to 6°. ' 

„ 6° to 8°. 
„ „ 8° to 10. 

These slides are never used but for Pivot guns. 

Hexagon wood elides, in sets. 

These are exactlj like the brass ones, as to shape, and graduation. 
They are intended as spare slides, being issued m tii« ^toi^rtioa of 1 set 
to every sir guDa of the same nature. 
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32-p'., 50 cwt. (Monk's A) 2 slides— 5° to 7° ; and r' to 10°. 

„ 48 cwt., 2 slides, 5° to 7° ; and 7° to 10<>. 

„ 45 cwt. (Monk's B), 2 slides, 5° to 7<> ; and 7° to 10° 

„ 40 cwt. (Congreve), 5° to 8° ; and 8° to 10°. 

„ 42 cwt. (Monk's), 5° to 7^ ; and 7° to 10°. 

„ 39 cwt. „ 5° to 7° ; and 7° to 10° 

„ 32 cwt. „ 4° to 7i° ; and 7^° to 10°. 

Wood Side Scaie, 

This scale is used for Cans mounted onlj on Harrej's carriages. 
32-p', 32-cwt., 6 ft. 6 in. ; 32-p% 25 cwt., 6 feet, 6-pf. Broad gun. 
This scale is graduated to 12° elevation, and 6° depression. 

Sights for Bronze Owns, or Howitzers^ Sea Service, 

None of these have foresi&^hts, except the 6-ponnder, when used as a 
Broadside gun. The hindnsight is the same as for Land-service Bronze 
guns. 

Carronade sights. 

The Foresight for the Carronade is a block of gun-metal, let into the 
original sight recess. The Hind-sight consists of a gun-metal Block, 
with a brdss semicircular scale let into it. 

27ie line of meted is an imaginaiy line drawn along the sur&ce of 
the metal between the two sights. 

The line of meted Elevation is obtained by laying a Gun at an object 
by means of the sights, without giving any elevation ; from the thick- 
ness of metal at the breech, the line of metal elevation varies from one 
to two degrees. 

The Centre of meted is indicated by a line drawn from the sight of 
the base ring to that of the swell of the muzzle. 

Windage is the difference between the diameter of the bore and tliat 
of the shot. The windage formerly allowed was one-twentieth the 
diameter of the shot, but it is now reduced considerably : (Field Guns 
have only one-tenth of an ioch), and this diminution of windage is very 
bene6cial, longer ranges being obtained with the same charges of 
powder, and also gi'eater precision of fire. 

The Vent, for every nature of Ordnance, is two-ninths of an inch in 
diameter. 

Bouching a gun is fixing a pure copper vent into it ; which is done 
by drilling a hole in the piece, where the vent is usually placed, about 
One inch in diameter, and screwing therein a piece of wrought copper,) 
with a vent of two-ninths of an inch through the centre of it. 

Tertiating a gun is examining the thickness of metal, whether the 
bore is perfectly straight, the trunnions properly placed, &c. It is 
performed by means of calliper compasses, and other instrumeivVA. 

. Quadraiin^ a ffun ia tiscertaining if it ia properly plaice4 on \\a cax^ 
jugie^ sad if the wheels are ofaa equal height. 
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A gun 18 honeycombed when the surface of the bore has cavities, or 
holes in it. 

The length of a gun is ascertained by measuring it from the rear of 
the base ring to the face of the muzzle. 

TTie Calibre of a gun is the diameter of the bore. 

To find the length of a gun, in feet and inches, its length in CoHbres 
being known — 

Divide the product of the number of Calibres and the diameter of the 
bore, in inches, bj 12, and the quotient will be the length in feet and 
inches. 

To find the Number of calibres in the Length of a gun. 
Divide the length of a gun in inches by the number of inches in the 
calibre. 

Oun metal is a compound of 8 lb. or 10 lb. of tin, to 100 lb. of 
copper. The property of tin being to harden, the lai^est proportion 
( 1 lb.) is used for mortars, they requiring a greater degi-ee of h^undness 
than guns. 

Oi-dnance cast of gun metal are generally designated Bronze Ord^ 
nance. 

Service charges of Powder, 

For heavy guns (Smooth bore) . \ the weight of the shot. 
For light do. . • . . | do. do. 

The Point-blank range of Iron 32, 24, 18, and 12-pounder8 with 
solid shot varies from 380 to 260 yards ; from which to 1200 yards, 
every ^ degree inci-eases the range about 100 yards, and from 1200 
to 1500 yai-ds, every \ degree increases the range about 50 yai-ds. 

The Point-blank range of Bronze, 12, 9, and 6-pounders, with 
solid shot, is 300 yards, and from which to 700 yards, every ^ d^ee 
elevation increases the range 100 yards ; from 700 to 1000, eveiy J 
degree increases it 75 yards, and from 1000 to 1200, every | degi^ee 
increases it 50 yards. 

77ie Point-blank range of Bronze, 12, 6, and 3>pounder8 is 200 
yards, from which to 600 yards, each ^ degree increases the range 
100 yards, and from 600 to 1000, each j^ degree increases it 50 yards. 

i^o^— For Weight, Dimensions, Baoges, Charges, &c vide Tables. 



HOWITZERS. 

Howitzers are a short description of Ordnance, either Bronae or 

Iron, and are used for projecting Shells. Their principal advantages 

are that they can be mora easily loaded, and are considerably lighter, 

in proportion to their calibre, than Guns; and they also may be used 

as Mortars. They have no dispart, the diameter of the base ring, and 

sweJJ of the muzzle being equal, except in the 24, and 12-poundera; 

which, however, are provided with a patch to mik« \x^ ^}K<ft diffexeace, 

JVcte.^ Vide Tablea fcr Weli^ts, Dlmen^oua, Bwdqm, Quxqm* te. 
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CARRONADES. 

A Carronade is a short piece of Iron Ordnance, with a loop under the 
reinforce instead of trnnnions. Its construction is materially different 
to that of guns ; haying a chamber ; a part scooped out inside the 
muzzle forming a cup ; iJso a patch on the ranforce. They take their 
name from the Carron Foundry (where they were first cast for the 
Navy in 1779), are considerably lighter than Guns of similar calibres, 
and are fired with charges of about one-twelfth the weight of the 
^ot» 

Carronades are chiefly used on board ship, but occasionally in case- 
mates, and retired flanks of foi-tresses. 

Th$ highest charge is one>eighth the weight of the shot. 
The lowest charge one-sijcteenth do. do; 

ifoCe.— For Weights, Dtanensians, Ranges, fcc, vide Tables. 

:! MORTARS. 

Mortars differ from Gun^ in the construction of their bore, and also 
in their form, which is considerably shorter, the metal being much 
thidLer, and the trunnions being at the extremity of the breech. 

They are used for throwing Shells into a town, or battery, setting 
fire to and orerthrowing works, bbwing up magazines, and breaking 
through the roofs of barracks, casemates, magazines, &c They are 
distii^aiahed from each q^er by the diameter of their bore. Their 
dianibera are in the form of a irnstrum of a cone, in which the powder 
is more ooncentrated ; the Shell fits close to the sides of the piece, and 
dierehy receives the whole force of the expansion of the powder. The 
greatest charges their chambers will contain, and the corresponding 
fiangesy ai-e as tbllows :— 

13<indi. 10-inch. 8-lncb. 

Land Service. Land Service. Land Service. 

Greatest chaise 9 pounds. 4 pounds. 2 pounds. 

Greatest range 2706 yards. 2536 yards. 1726 yai-ds. 

When Mortars are used in firing on Inclined planes^ up, or down hxU^ 
should the inclination be considerable, take half the angle it makes with 
the hoiizon, and add it to, or subtract it from 45 degrees (which is for 
a medium plane), and it will give the greatest range upon the required 
plane, 

Jfcte.—Yide Tables of Dimensions, Weight, Charges, Ranges, &c. 

VALUE OF ORDNANCE. 
SRONZS ORDNANCE, ^ 

Depeodeni on the market price of metals : at present tVe va^Lwft o^ 
' ii about £120 a ton^ 
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IROK ORDNANCE. 

The value is variable according to the market price of iron ; at pre- 
sent the vahie is ahoat £20 a ton. 

PROOF OF ORDNAKOE. 

AH natures of Ordnance undergo several kinds of proof before they 
are received into the service : — 

1st. They are gauged as to their several dimensions, internal and 
external ; as to the justness and position of the bore, the chamber, vent, 
and trunnions, &c. 

2nd. They are fired with a regulated charge of powder and shot, 
being afterwards seaitshed to discover irreguUrities, or holes produced 
by the firing* 

3rd. By means of engines, an endeavour is made to force water 
through them. 

4th. They are examined internally by means of light, reflected from 
a mirror, 

IRON GUNS, 

Tlie guns are first examined as to their proper dimensions, in which 
no more than *3 of an inch variation is allowed ; and in the diamet«« 
of the bore only *033 ; but in the position of the bore *25 of an inch 
cut of the axis of a piece is allowed. 

They are then fired twice with the charge in the following table, 
with one shot and two high junk wads, anci examined with a searcher 
after each round. 

In this examination they must not have any hole ot cavity in the 
bore of two-tenths of an inch in depth behind the first reinforce ring, 
or one-fourth of an inch in depth before this ring. 

PROOF CHARGES. 

Nature • . lOIn. 8 In. 68 Pr. 56 Pr. 

«^>j^ } 20 18 28 28 

Nature . . 42 Pr, 32 Pr. 24 Pr, 18 Pr, 12 Pr, 9 Pr. 6 Pr, 3 Pr. 

^^ } 25 21i 18 15 12 9 6 3 

BRONZE GUNS. 

From 3 to 12-pounders, the diameter of the bore must not vary 
more than *025 of an inch, nor in any dimensions more than *2. 

PROOF CHARGES. 

NAtare . . 12-Pr. 9.Pr. 6-Pr. 3-Pr. 

Cbai^ . . 5lh. 3ilb. ^\b. lib. 

The 12 and 9 poaaden are fired twice, \ikie i«m&Vn^ ^S&x«^ ^oasa. 
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Any hole *15 of an inch upwai-ds, or sideways in the bore, or *1 in the 
bottom between the breech and finrt reinforce; or *2 of an inch up- 
wards, or sideways, <Mr *15 in the bottom of the bore before the fiist 
reinforce ring, will be sufficient to condemn them. 

IfORTABS, AND HOWITZERS. 

The exterior dimensions aie in no respect to deviate more than *1 of 
an inch in the 10, and 8 inch Howitzers, and 05 of an inch in tlie 
24, and 12 pounder Howitzers, and Royal and Coehom Mortars, and 
Howitzers. Their bores and chambers must not deviate from their tiue 
diameters, or positions more than '025 of an inch. 

PROOF CHARGES. 

The Brass Mortars, and Howitzers are fired twice with their cham- 
hers full of powder, and an. iron shell. The Mortars on their own beds at 
an elevation of about 75 degi'ees, and the Howitzers on their carriages 
at an elevation of about 12 degrees. Tlie Iron Mortars are proved witli 
a diarge equal to the full chamber, and a solid shot equal in diameter 
to the shelL Royal or Coehom Mortars, and also 24, and 12 pounders, 
or Royal Howitzera, having a hole of *1 of an inch in depth in the cham- 
ber, or *15 of an inch in the chase are rejected. A hole *15 of an 
inch in depth in the chamber, or *2 of an inch in the chase is suffi- 
cient to condemn the 10, and 8 inch Howitzei-s. For the 13-inch 
Sea>8ervioe Mortar a cylinder weighing 4^ cwt. is used for proof. 

CARRONADES. 

The bores, and chambers of Can'onades must not deviate more than 
*05 of an inch from their true dimensions, and positions, 

PROOF CHARGES. 

They are proved with two rounds, with their chambers full of 
powder, and one shot and wad. A hole of *2 of an inch in depth in 
the bore, or *1 in the chamber condemns the piece. 

WATER PROOF. 

AU Ordnance, afler having undergone the before-mentioned proofs, 
and the subsequent searchings, are subject to the Water proof. Th's 
is done by means of a forcing pump, having a pipe or hose fitted and 
secured to the mouth of the piece, and a plug to stop up the vent. 

After two or three efforts to force the water through any honey- 
combs, or flaws which there may be in the bore, they are left to dry, 
and genei-ally the next day examined by light reflected from a mirror. 
If the bore should contain any small holes, or flaws which have not 
been discovered by the former proofs, they are very readily found by 
this, as the water will continue to weep, or run from the holes, after 
the solid pai-ts of the bore are perfectly dry. 

When a^n bursts in proving ^ the remainder in proot al ^ «krv« 
subjected to another proof round. 
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MARKING OF GUNS, 

Condemned Ordnance are distinguished by a cross cut on the top of 
the Gun, and a white painted cross on the fiioe of the piece. The 
Broad arrow on the gun indicates that the piece has been proved, and 
admitted into the Serrice. AH guns proved since September 1 857 have 
the Pro(^ number, and the year of proof on tiie first reinforce* This 
proof number is also called the Register number. 

Condemned SheUs are thus marlced : 
F — For Fuze hole faulty. 
N X for Non-conoentric. W X for Water-proof. 

INSTRUCTIONS FOR THE CARE, AND PRESERVATION OF 

IRON ORDNANCE. 

Great attention should be paid to the care and preservation of iron 
Ordnance when in Depdt, or on Service, to prevent the irreparable in- 
jury Guns sustain from rust and corrosion. 

With this view the first step to be taken is to clear their bores and 
exterior surfaces from all rust and dirt, which is done on the inside 
with circular Spring Scrapers, fixed on tlie end of a long shaft or 
handle : these scrapers are made to press strongly on the sides of the 
cylinder, and by being drawn backwards and foi-waixls by two or three 
effident labourers, will remove the rust, and, if not in a very bad 
stite, will restore a regular smooth surface ; the bottom or end of the 
bore is also scraped with a tool for that purpose, and the vent is 
opened by passing a square steel rimer of its diameter through it, 
gently turning the tool round until the vent is clear ; after which the 
bore must be well brushed out, first with a hard round brush, and 
then with a Turk's-head brush, so that not the least dirt remains in 
it. This being pei'formed, the first coat of lacquer may be laid on, to 
which, when dry, a second is to be added. This is done with a com- 
mon painter's brush, fixed vertically on the end of a staff sufficiently 
long to reach down the cylinder; and the bottom of the bore is 
lacquered by another brush fixed horizontally at the end of the stafi*; 
the outside or exterior parts of the pieces are also to be well scraped 
with an old sea-service sword, or steel tool of that nature, tolerably 
sharp, especially about the mouldings, where former coatings and dirt 
have accumulated ; and when the rust will not give way, it should be 
slightly hammered, so as to loosen it. These operations must be conti- 
nued until the whole coat of old paint, rust, or dirt, is completely 
removed, after which the dust must be well brushed or rubbed off, and 
the piece will then be fit to receive its first coat of anticonosion, to 
which, when dry, a second is to be added. 

Before the work is commenced the pieces should be arranged as 
nearJj' as passible in the places where they are to remu'n, as too much 
roIliDg is apt to disturb the coating of ]^aiiit, es|^«CAa^^ \M£()t« it baa 
gamed suGSaent bardaesa to be durable. 
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The £>Uowiog olgects also require to be particolai'ly attended to, 
Tiz,: 

In skidding Guns, &c., care must be taken that they are laid under 
metal, so that their muzzles may be 8u£Bciently inclined downwards 
to prevent rain or any moisture lodging, and the bores from time to 
time should be swept out, as dust or sand blowing into them and being 
sufiered to remain, would be very destructive ; nor shoold the Guns be 
ever stacked one over the other, if the space where they are kept is 
sufficiently lai^ge to admit of their being laid in single tiers. 

After the Ordnance is <moe got into a complete state of preservation, 
by following these instructions, very little trouble or expense will 
attend their being kept so, for a slight coat of antioorrosion on the 
exterior, and a thin coat of lacquer in the cylinder every three or four 
years, is all they will require, provided they ai'e every now and then 
brushed out as before stated. 

On coating the Guns, it may be found useful to let the painter 
mark on tliem the date, which will show how long it lasts, as this may 
difier at different stations, especially such as ara exposed to much damp 
air, and it will afford the means of calculating the necessary demands 
of articles for this purpose at stated periods. 

The same rules are to be observed in the preservation of all iron 
Ordnance mounted on works, with regard to the application of lacqaer, 
and anticorrosion, and the precautions of keeping the pieces laid under 
metal, and frequently bracing out their bores^ &c., as recommended 
in the foregoing instructions. 

mXTUBE OF INGREDIENTS FOR COATING, AND LACQUERING IRON 

ORDNANCE. 

lb. lb. 

Anticorrosion • • . . • 40 Red lead, as a drier . • . 3 
Black (Grant's) ground in Linseed oil . • . gallons 4 

^ oil , , 4 Turpentine (spirits of) pint 1 

This mixture, when well stirred, and incoi-porated, will be fit for use, 
but, as by long keeping in this state it becomes hard, no more should 
be mixed than is I'equired for present use. 

BLACK LEAD LACQUER, FOR THE BORE, OR CYLINDER. 

lb. lb. OZ. 

Blade lead (Cumberland) « • 9 t Red lead ••..28 
Linseed oil • , . • gallons 4 | Lamp black, or wad .04 

The oil to be boiled, and the paint to be well ground. This will 
keep. Great care should be taken in boiling the oil, as any damp fiill- 
ing In would cause an explosion. 

INSTRUCTIONS FOR LACQUERING SHOT, AND SHELLS. 

All Shoty and SheVs (incladiag Shrapnel) are first to \>e d«Kii<^ 
extariorJf bf the macblDe, or otbevwise, and then audi a& axe ioxxxA 
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< sufficiently Correct, and tip to their proper gauge, are to be twice 
lacquered with the following composition, leaving sufficient time 
' between for the coats to become perfectly dry^ and haixl. The warmest 
weather is the proper time for this operation. Ten labourers can 
examine, clean, and lacquer vrith two coats one thousand shot in a day, 
provided the weather be &yoarable. 

COMPOSITION. 

Grant's black 40 lb. Red lead 5 lb. Raw linseed oil 5 gallons. 
The red lead is to be ground into a part of the oil, in order that the 
whole of the ingredients may be thoroughly incorporated. 

TO BENDER ORDNANCE UNSERVICEABLE BY SPIKING, ETC 

The most effectual method of rendering Guns unserviceable, or of 
no further use, is by removing one or both of the trunnions, which 
may be done by striking near its end with a sledge hammer ; or by 
firing a shot against it from a carronade, or howitzer, the muzzle of 
the piece being placed near the trunnion. 

Bronze Ordnance may also be rendered unserviceable by firing whole 
or broken shot into the boro from another piece ; or by firing a shot 
^instthe chase, which generally bulges the meted within the bore.*' 

For spiking Ordnance^ two kinds of spikes aro used : — 

1st. ITie Common spike, which is (4 inches long, *27 inches in 
diameter at the head, and about '1 at the point. It is driven as far as 
it will go into the vent, and afterwards broken off close to the gun. 

2nd. The Spring, or Temporary spike. Which is *17 in diameter, 
and varies in length fi'om 2*8 to 13*55 inches, according to the naturo 
of the piece. It has a fiat head to prevent its falling through the vent 
into the bdre, and also a spring about twV) inches in length, which 
extends from the point towards the head. In passing through the 
vent, this is comprised, but as soon as it i^ cl^ar 6£ the metal, it ex> 
pands and cannot be withdrawn, unless it is again compressed suffi- 
ciently to allow its being again drawn into the vent, which may be 
done by pressing a rammer head against it» provided the spring is 
towards the muzzle, which may be known by a small notch cut in the 
head of the spike to point out its direction. 

A long spike with a sofl point may be driven into the vent, and the 
end projecting into jbhe bore clenched ; which, as well as either a com- 
mon naU or even a wooden p^, would answer as a temporary expedient 
if a proper spike were not at hand. Should a momentary alNindonment 
of the guns become unavoidable, by taking away the cap-squares, elevat- 
ing screws, quoins, linch-pins, or side-arms, the Enemy will be pre- 
yented using them for some time. 



* WAm a shot is Jammed in a gum, and cannot be rammed home to the 
inr/rik^ destroy the cfaaiye by pouring water down the vent and moisle, 
until tte JngredtontB are dissolved, and cleared out of \iift\»T%\ XYM!a\ix\XQdQOQ 
« anaJl quunUty of powder thruugh the vent, and Uow o\A \3to t^V. 
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UNSPIEING ORDNANCE. 

If a gtm has been spiked with a Common steel spike^ load ivith a 
charge of powder equal to half the shot's weight : lay a leader of quic]( 
matdi along the hore, and double shot the gun, introducing the shoti 
however, very carefully. 

By affixing a piece of slow match to the end of the quick match 
whiifih reaches to the muzzle, the gun may be easily and safely fired* 
Should the spike not be remoyed, the operation may be repeated. 

When Bronze guns have been spiked, it would be advisable, a day of 
two before making the above experiment, to scratch round the spike 
with a graver, and pour a few drops of Sulphuric, or Nitric add into 
the circle, which, being repeated, will find its way down between the 
qiike, and the metal, particularly if the former it not perfectly round. 
When the gun cannot be unspiked by the above-mentioned operations, 
make a large fire round the breech to soften the spike, and afLer the 
gun has been gradually cooled, the spike may generally be removed by 
using the drilL 

When a gun cannot he vnspiked, the only means of rendering it 
serviceable is to drill another vent, about half an inch from the original 
one. 

To driU a new Vent will require about an hour per inch. Care 
must be taken that a very small drill is first used, and afterwards one 
rather less than the diameter of the vent, otherwise the vent will ruA 
the risk of being too much enlarged. ■ ■ 
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ut i: 


6 3. 


aewt. 




8 


300 

c a 


JOO 
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■•si 
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I 
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|41 f 



3 I 



f. i!.r 



1 1 1 

Ml 

I 

!1 

risi 

IIJI 

li 
k 



C4 WEIOHT, AND lOKVlfiS OF CABBIAOCS. [fAKT HI. 

^TEIGHTS, Ain> TOHNAQE or the various ratube* of Cai- 

niAOBS, V/AQGOna, ETC.* HAHUFACTintGD IN THE BOTAI, 

Cabeuage Depabtuebt 

CARRIAGES TRAVELLIKG WITH WHEELS. 



fOA mos ORDNANCE. 




Welgiit. 


Total 
W^itf«. 


TWnaBO. 


cwt. 


qralbe 


ewt. 


n. tb-. 


k™. fl. 


ferriage . . 


28 


3 








»„,t„, 1 Limber . . . 

^H"-, ' Trail ^«: . 


10 




40 


a 23 


6 


5*C«t. ^Oini-^fe . . 


27 










Block .^Limbor. . . 


10 


2 


3U 




7 6 


Side Aran . . 




1 6 








iumllf : • 


23 


01 








,., „ [ '^f'^''^' \ s'ido ArmB,incr 
?-irw.< I Trail Box . 
iBlook . Limber . 

Side Arms. . 


10 





37 


19 


6 


} " 


18 








126 


0' 








10 


S 


3S 


3 


7 8 


! 2 


1 








Carringe . . 


|M 


3 0| 








,„„,t„,! Limber. . . 
(^""^'isideArms.ind. 


'! 


3 


36 


a IT 


6 


l-Bloak . Limber . . . 


10 


3 


38 


3 


7 


Side Arms , . 


a 


1 ! 






C«Ti,W« ■ ■ 


24 


1 Ojl 






18Pr.. aSiCwt I Limber with 
Block 1 Boies, &c. 


13 


0^ 88 


I as 


S t6 


Side Arma . . 


a 


025} 






MORTAUS. 










1 CBrrioge . . 


iS 


3 0) 






13 In., 36 C«t. J Limber. . . 


10 


2 of 59 


14 


7 10 


l8ideArm». . 




3ui| 






( Carriage . . 




2 Oil 






10 In., 18 Cwt. .< Limber Cart . 




a 0} Bs 


1 24 


4 6 


IsideArm. . . 




1 ail| 
















SIa.,9Cwt. , J Limber Cart ] 




a 0} ao 


3 


aas 


/side Arms. . 




I 0' 









IT ni.] WEIOBT, ETC., 07 CARRIAGES. 

CARRIAGES TRAVELLING WITH WHEELS— can/iniuil. 







r — 




"*" w'SSJ 




ICIILft. 




Carriatre . . 


31 3 Oi 




10 In., 


*^ *="■ ■ sXAm..laol'.l 


>- » H « 1 13 


6 17 




Trail Boi .J 


aiej 






C«rii^ . . 


24 




8 In., 


" C-t. . k}Z^'^^{,,i. 


^O " " 3* 2 


5 37 




, 'I'lmilBox .] 










aDin,BirLKD. 












27 0) 






MPr. 


. . < Limber '. . . . 
1 Side Arms. . . 
JCarriige. . . . 


'2 llV 


33 3 14 


7 6 




as Oj 






«Pr. 


. . { Limber with Boies 
Iside Ann. . . . 
ICarriage . . . 


16 0) 


43 a IS 


6 16 


MPr. 


. . { Limber with BoiM 
ISide Arms , . . 
iCuTinges . . , 


" ; s! 


38 3 8 


6 8 




12 0| 






12 Pr. 


, . i Uaiber with Bou> 


10 3 OV 23 3 G 


4 20 




ISideAnni . . . 


1 ef: 






ICarriBgo . . . 


10 1 Oil 




9Pr. 


. . i Limber with Boxe< 
tNde Arms . . . 


■!Sjf 


22 4 


420 


6Pr. 




6 3 
5 1 
8 6 


11 3 6 


.« 




7 1 

8 
3 6j 


16 6 


4 6 




FOB BRONZE ORDNANCE, SMOOTH BOBI. 












(Carri^fl . . . 13 0) 




13 Pr. 


. . ^Limber with Bo«B 11 1 0^25 118 


5 33 




ISlde Amu . . . 


I 181 







y<ni.-~OB active 



t 1 Iddk bu for (put \toai»i^ 
re Colonial, wUcbbftTO ft« mbitM*- 



n. Aileifta tit atrrlei under Uie Ckrrlage. 



66 WEIGHT, ETC., OF CARRIAGES. [PART III. 

CARRIAGES TRAVELLING WITH WREELS-^continued. 



FOR BRONZE ORDNANCE, SMOOTH BORF — continued* 



9Pr. 



Odn8 — continued, 

(Carriage • . • 

• • \ Limber with Boxes 

^Side Arms • . . 



Weight. 



cwt. qrs. lbs. 

12 01 

10 2 0> 

I 14' 



Total 
Weight 



cwt. qTB. lbs. 
23 2 14 



6Pr. 



10 
10 



3Pr. 



FOR BRONZE ORDNANCE. 
Guns, SMOorn Bore. 

{Carriage . . . 
Limber with Boxes 
Side Arms . . . 
C Carriage . 
8 Cwt. I Limber with 
Colonial | Boxes 

(Side Arms . 

2) Cwt. (Carriage . 

China < Shafts . . 

Pattern I Side Arms . 






Howitzers, Smooth Bore. 
32 Pr. , 



/ 



(Carriage . . . 
. i Limber with Boxes 
' Side Arms 
( Carriage 
24 Pr. • . < Limber with Boxes 
I Side Arms 

{Carriage 
Limber with Boxes 
Side Arms . . 
{Carriage 
Side Arms . 
r Carriage 
Gambia I Limber with 
Pattern j Boxes 

(Side Arms . 
C Carriage 
China I Shafts . . 
Pattern j Side Arms,incl 
\ Bearers 



4|In. / 



1 01 

2 0> 

1 81 
4 f 01 

4 O' 

1 10^ 

2 18) 
1 16> 
20) 



14 2 0) 

11 I 0> 

1 1 3' 

14 01 

10 2 0> 
1 11' 

11 1 01 
10 2 0> 

1 4' 
5 2 01 

4 

1 12^ 

3 3 

4 

1 o\ 

2 1 14' 
1 16 

16 

2 2 12i 

1 16' 



Tonnages 



tons. ft. 
5 1 



21 3 8 



8 2 10 



2 2 26 



27 3 



25 2 11 



22 3 4 



9 3 12 



8 



3 3 18 






3 16 



4 21 



1 37 



29 



5 29 



5 6 



4 21 



1 37 



I 34 



030 



\ 



31 



r ul\ weight, etc., of casbiages. 
CARRIAGES TRAVELLISO WITH WHEELS— conf.n 
FOR BRONZE oaiJ.NANCE — ceniiiniied. 





Weight 


Tol.! 
WelsbL 


r„„„ 




HowiTzma, Billed. 


cwLqntll* 


CWLqrvlb- 


IOP«. ft. 


f '.£ |£sr. : : 








i 16| 


3 t 


0S4 


'■>=.i™iis:''"':} 


oao' 






WAGfiONS. 


AMIIUSITIOS, WITH BOXES, WHEELS, ETC. 




BiFLED. 










Body .... 


14 01 








Limber. . . . 
'f. . . Side Arms . . . 


10 3 
1 1 7 


28 I 19 


6 20 




Spare Wheel, Snd) 
Clau,heft»y. ] 


2 1 12, 








?r.« . . ai 40 Pr. . . . 




28 1 19 


fi ao 




[Body, Limber and 










, ., _, 1 Side Arm* . 
"^3 ^iSwreWheel, 2tid 


"IJI 


2S S 


6 20 




[ Cl«ss,tiBht . 










7 3 








5 1 


15 3 


S 24 




Service ^rdClZ Gell. } 


1 1 








Serv., 4ft.ainJ 










„._, Limber! '. '. 

•**?**■ Side Aran . . 

"' Spsre Wheel, 1 


10 3 








8 
I 1 7 


21 2 21 


6 




PMtorn 3^ (.Jus, 5a. } 


1 2 14 








^ diameter . .< 










8KOOTH BoBB. 










■i»" uS.,: : : : 


11 1 0, 

10 2 








.Gnn. 32 gtj™ Am^g 


1 1 7 


25 . 1 19 


6 




'V P'- Spare Wheel, 2DdT 
wiuer . 'Slas^ heavy. ) 


2 1 J 








K Span Wb«b surJHf oo (lie percbea of Iha 1 




Of (&^*o iml 20 IT. riBed, IB, 12, «l 


B Pr. Gun, 


MBldMl 


•r, Ha*\»a 


«■ 



i digs, s^l dlitded Into «q,'a^ &«. •A 



WEiaHT, ET&, OP CARRIAGRS. [pART III. 

WAGfiOKS— conimiKd. 



AMMUsinoif, With boxes, 



1, ETC — BOntmied. 



B BOBt— cDntmuei/, 



f Body 
6 Pr. Gun and Limber 
la Pr. How- Side Ar 



3Pr.Gan,Bn 
4| inch Uov 
iizerCulonii 



4| in. Howit-fffiy 



Limber .... 

.Spare Wheel ,' .' 

Body .... 

■..imber with Box . 

Side Arma . . . 
.Spiiro Wheel , . 

Saly .... 



: 01 

o! 
I 3 a! 



10 ol 
1 1 '11 

1 S 23] 



nher wiili Box . 



A 



I O. pA Limber with Soi 
'^ I Side Armi . . 

lance f ^^^ ■ ■ ■ 
""" i Stretchers. &o. 
■□d Meat wavcrtevl from 

c..ki^r"{l!S,i.: : ': 

Comigsted-iroa 

Flsuilere 

'"'■^ i.Mi/i(»rv Train . . 
Genentl Service 
^are Wheel 



3 
S 



3 

. S 





• V\ \ "A" 



ft\ ^T 



PART IIl] WEiaHT, BTO., OF CASBUaES. 

WAGOOVS—cmUHtud. 



AmUTSITIOH WITH BOXES, WHEKLS, ETC.— amtiBWii. 




Wtlghl. 


Total 
Weight 


,™.l 


Geoeral SerTice SiegB Train 


forf 


owl, qr», llH. 


33 1 2G 

22 
33 1 

47 3 
36 

76 a 


■oni. ft. ; 








Mioeri . 




3 le 

lo'is , 

12 se ; 

13 15 1 
32 IS 

a 11 

3 S3 




47 3 
65 'l 0, 


Telegraph compute .... 


125 3 01 

11 OJ 


118 1 
36 1 
S5 





CARTS. 














« 


? 


323 


Fc^iige 








7 


3 




^"'S" i&'^TEngiue^: 


























Gib«it«. . .j^^: 








10 


? f) 


4 1 


n,_j (Common . . 
Utna. . j Altered from For* 


■ 






* 


1) 11 


S 


M-"..)S:r™ ""■•="; 






4 


■i U 


2 1 
1 30 


Medical Stare . . . 










H 


1 II 


a 14 


Royd Enginefm . . 
















































Treoch 










V 




1 33 


W«t India . . . 










7 


M 


3 4 


W«ler 












U 





I fiJT l"er- J 
I mmnent I 
: Work. I 



rl31a. isn-byl 
„„^ I 13 ft. . ./ 

/ 9ft.bylitt.Jl 



1 SO I 
16 3 0\ Q^V 



WEIGHT, ETC., OF CARRIABBS. [PART HI. 

CARTS— eontmara. 
PL ATFOBMS — rnnl (nurd. 



Dmk, Oet^^inal, IS In. HrrtaT 
/"iii^lGun, 18ft. by 10ft. . 
1 AlUer-J Mo^ ,,3 |„. (oft-tvloR. 
""'I lar tlOIn.lOftbylafC. 

■< Clerk's, 17 ft. 

Ipssley's.jMoriBr, 71 ifc. fiv) 

(. fiift. . . . r 

CMPmiitc,10iii. Hi Pr, nnd 8 in " 
Smooth Bore, 7 in. and « Pr. 

Rifled J 

Dwnrf, from liato 4^ cirt. GonB," 
- HowllMr.SninothBore, 
indWPrB. Rifled. ., 



fia Inch. 
" J 10 Inch. 



[ 13 Inch Lond ] 
land SeaSerricel 
T Si Inch . , . 
[41 loch . . . 



! 3 I 
■ 3 I 

13 1 



Capttan Cnb 

f I I.. 

S tej LargE < q 



' TiiangU ^Ditto toIini2toiu 

/I '16 Feet . . 

JJrefc Ootiifional .... 
/bj^v. PorfaWe, and P«fk Saddle! 
Ai Wood CaM« . . . . ^ 



4 




fil 





16 


1 


17 


a 


lu 


2 


S 





U 


3 


n 


a 


ft 


1 






M 


2 


a 


1 



PABT in.] 



WEIGHT, ETa, OF CABBIAQE8. 
CAETS— conltntcecf. 
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MISCELLANEOUS — continued. 



M, f Axletree with \ 

a fWood Platform< Wheels. J 
u V Limber . . 

S, / Up to j Axletree withl 

- IWrongbt j 12 \ Wheels. ./ 

2 iL^ to? Tons iLimber . . 
^ Heavv 1 -Awbove ( Axletree with ) 
o Guns I 12 < Wheels. ./ 
^ ^ ^Tons I Limber . . 



Weight. 



cwt. qrs. lb. 

3 3 25 

2 
12 

8 
12 

8 



3 25) 
1 16[ 
01 

0) 

1 0. 
0» 



Total 
Weight. 



cwt. qrs. lbs. tons. ft. 



Tonnage. 



6 1 13 



20 



20 1 



1 16 



4 15 



4 15 



CARRIAGES, GARRISON. 



Rifled 



Smooth Bore 



SLIDING, CASEMATE PLATFORMS 

n 






Inch' • . 
40Pr. . . 
68Pr. . . 
10 Inch . . 
8 Lich, 65 Cwt 



15 
12 
15 
15 
14 



2 
2 














SLIDING FOR DWARF PLATFORMS. 



Bifled 



[ 7 Inch 

■ '1 

Sfliooth Bore, 68 Pr. 



("Heavy , 

i Light . 

64 Pr 

40 Pr 

f 112 Cwt. 

( 95 Cwt. 

56 Pr., 98 Cwt 

42 Pr., 84 Cwt. 

10 Inch 

A T«^i. f 65 Cwt. 

SInch. . I 5^^,^^ 

f 63 Cwt. . . . 
32 Pr. . . ^ 58, or 56 Cwt.. . 

(. 50 Cwt. . . . 

24 Pr., 50 Cwt 

18 Pr., 42, or 38 Cwt 

Howitsov. ^ 8 Inch, 22 Cwt. . I 





16 


2 


1 38 




15 


3 


1 36 




13 


2 


1 34 




13 





1 28 




16 


1 


1 36 




15 


2 


1 34 




15 


3 


1 35 




15 


1 


1 33 




15 


2 


1 34 




14 


3 


1 25 




14 





1 22 




14 


2 


1 25 




14 





1 22 




13 





1 20 




12 


3 


1 19 




11 





\\% 




U 


1 


\ \\% 


• t 


12 


3 


\ \ ^ 



1 30 
] 20 
1 33 
1 33 
1 24 



WEIGHT, ETC., OF CARRIAGES. [PAET ICT. 

CARRIAGES, GARRISON— ronfi.iufd. 



COMMOM FOB TKiVERSING PLATFORMS. 




Weigbt. 


Tot.t 
Wrtglit. 


To^. 


=wt.q«.lte. 


=«t.q«. 


lbs. 


l=B.It 


8Inoh,B5 0t. 




















aiPr., 50.or48Cwl 




13 3 




1 36 


18 Pr., 42 CM 








1 33 


n„_i,™, I 10 Inch, 48 Cwt. . 




15 
13 






1 as 


REAR CHOCS. 






■„.... .{.!!,■!'; : 






19 
13 1 





2 


es Pr., 95 Cwt. . 






19 1 





3 6 


10 Inch. . . . 






19 1 





2 6 


Sniooth ^f-"* i'i4Cwt. 
















14 S 





1 36 


Sure 24 Pr,, EO Cwt. . 






S 2 




1 10 


-"^-j'SfcSg;:: 




15 




1 ^ 




13 





133 


•" I 6i Inch . . 




7 2 





31 


COHMON BTANDINO, 








64 Pr 




U I 





1 37 




Rifled 


40 Pr 

Ditto frrau Recoil 




13 3 





1 31 

238 






rs Inch, 69 Cwt. . . 




14 3 





2 


^1 




42 Pr., 67 Cwt. . . 




14 3 





1 39 




63 Cwt. . . 




14 3 








"^ gs'.?"-': 




14 a 
14 





I 38 




Smooth 


■ 2 Cwt. . . 




13 1 





1 .13 


I Bore 


»^- SSI; ; : 




13 3 
8 





1 36 
1 1 




IBPr. . . . . . 




13 3 





I 33 




12 Pr 




11 S 




1 11 




9Pr 




10 2 








I- B Pr. 




9 1 





03B 


/64 Pr. Rifled, 8 Inch, 










65 *nd .54 Cwt., 




IT 1 





1 10 


) Wroaghi } Smooth Bore . . . 










Avn 1 M Pr. Rifled, 32 Pr., 










/ as and 56 Cwt. Gum, 




r^ 




yv.o 




' 


Blaooih Bore , 




1 
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WEiaHT, ETC., OF CARRIAGES. 
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SUDINO. 



(7 Inch 

Bifled < 40 Pr. 

164 Pr. 

150 Pr. 



%\ llOOPr 

^ Smooth; 68 Pr., 95 Cwt 
Bore 1 10 Inch, 87 Cvt. 

58, or 56 Cwt. 

Smooth Bore, ]^^Zf ^^'' 
32 Pr. 



42 Cwt. 
32 Cwt. 
25 Cwt. 



Weight. 



cwt qrs. lbs. 









ToUil 
Weight. 



cwt qraulbs. 



15 
14 
14 
36 
22 
18 
12 
13 

9 
11 

9 



3 



1 

2 

2 

2 

1 

3 

1 

3 

3 

8 
6 
5 

















Tonnage. 



tons. ft. 

1 27 
1 22 

1 26 

2 30 
1 36 
1 28 
1 26 
1 21 
1 18 
1 20 
1 8 
36 
29 
27 



REAR CHOCK. 



Bifled 



!5 



Smooth Bore ' 



Inch • • • 
20 Pr. . . . 
68 Pr. . . . 
10 Inch . . . 
32 Pr., 25 Cwt. 
Howitzer, 2* Pr. 
9 Pr. Brass . • 
6 Pr. Bruss . • 






12 
4 
13 
13 
4 
4 
2 
1 




2 
3 
3 
3 
1 

2 














1 36 

34 

2 
2 

1 
33 
15 
11 



COMMON TRUCK. 



Bifled 



1 



64 Pr. 
40 Pr. 



f Screw 
I Wedge 

Bore \ (58, or 56 Cwt. 

1 82 Pr J 50, or 45 Cwt. 
^32 Pr. < 42 ^^j 

.32 Cwt. . 



Smooth I 



• 






8 3 


• < 






8 1 


. i 






6 2 


i 






9 1 


• < 






8 1 


. 






9 


. 






8 


• 






7 2 


. t 






6 














2 
1 26 

1 21 

2 
1 29 
1 35 
1 23 
1 17 
1 10 



/ 



3eF!r. 



HARDY S, OR JAMMING WITH SLIDES. 

f 32 Cwt. ... I .. \ 6 

5 1 



(25 Cwt. 






• • 



\ 




W810HT, ^rc., 07 cAjaataTs. [pabt ht. 
CARRUGES, NATAL— continued. 



[a Pr. Top with Bottom . 

'J UowilLer (12 Pr.. 
1 6 Pr. Top witb Bottom . 

TRAVELLING. 



6 Pr. . J Limber 
8 Inch iM,!?'f 



a SI 

3 3 

a 37 



/ISO Pr. Smooth Bore, or I 
I » Inch UX,R. . . \ 
1 100^ Pr, ditto, or 7 Inch j 

^••"y lea Pr., or' 10' Inch "md 

7 Inch B.L.11. . . . i 

Wpr., M.L,R. . . -■ 

Medium. B In..65 to.^4 CwL.aaPr.' 

lOPr. B.L.R. .■ 

Light, 32 Pr. 43 to as Cwt. . i 

{ IJ Pr. B.I..K. . 

9 Pr. B.L.H. - 



A-.'/'i 



U 


87 


13 


24 2 




26 2 






12 


19 






12 


15 1 


in 6 


12 3 






!0 


9 3 






6 10 


\ a aw\ 



31 j 
ft 1 1 
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RABGE, ELEVATiOK, ETC., OF BRONZE ORDNANCK 



Ui 



i 



I'' I 



• FoK-oid ptttem. 



\ \ \ 



SANOES, era, bronze obdkahce. [fabt m. 
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EICOCHBT PRACTICE. [PAUT lU. 



Sicochet Practice tcith Brorni Ordnancv. 
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EANGES, ETC, SHRAPNELL SHELLS. [PART III. 
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RANGES, ETC., 66, AND 68 PR. [PART HI. 
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8 Inch Gun, 

Length, 9 feet ; Weight, 65 cwt. ; Height of gun above 
the pkune, 5 feet 7 inches. 



e8 

5ZJ 



-s 



8oUd 



lb. 
10 
10 
10 
9 
9 



1 



Degrees. 

P. B. 

1° 

no 

p. B. 

lO 



S 



Tarda. 
315 
660 
818 
343 
615 
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•g q! 
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1^ 


See 


Yards. 


1" 


901 


2" 


1006 


3" 


1240 


1" 


776 


2r 


970 
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a" 

Yards. 
3207 
2803 
2433 
2683 
2483 
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Sec. 




20" 


23 


19" 


18 


16" 


13 


17" 


12 


15" 


10 



IiONO RANGES. 



Nature of 
Ordnance. 


Weight. 


Charge. 


ffiiot, or gbf'll. 


Eleva- 
tion. 


Greatest 
range, i 


68 Pr. 

lO-inch 
68 Pr. 


cwt. 
95 

112 
95 


Ib^ 
12 

15 
16 


1 Eccentric hol-1 
i low 8 inch > 
^ shot. f 
j Eccentric shot J 
1 91 lb. / 
Common shell 


degrees. 
24 

28 
27i 


yards. ! 
6500 

5735 
5605 



Thble of Penetraiiona of the principal Pieces of Ordnance, 



J 



Smooth Bore 6 Pr. • . . 
»> » 9 Pr. . • • 
» »» 1* Pr. • 
„ „ 18,or2iPr. . 


Penetration of Gnn- 
shot Into Earth of 
medium tenacity. 


Thickness 

of 
Parapet 


feet 

3j^to 4 

6ito 7 

8^ to 10 

12 to 15 


feet 

6 

9 

12 

\ 
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RANGES, ETC. KIOOCHET FIRING. [PART III. 
From the Newhaxen ExperhnenU in 1863. 



Smooth Bore 32 Pr. 
„ „ 68 Pr. 
„ ,, 8-inch Gun 

»» »> 10 vt » 
Armstrong 12 Pr. 

„ 20 Pr. . 

„ 40 Pr. . 

„ 70 Pr. . 

„ 110 Pr. . 


Charge. 


Projectile. 


Range. 


Mean 

penetra- 

tion. 


lbs. 

8 
16 

8 
12 

'A 

5 

9 

12 


Solid shot . 
Solid shot . 
Shell . . 
Shell . . 
Sesment shell 
Solid shot . 
Solid shot . 
Solid shot . 
Solid shot . 


yds. 
1,0.W 


ft. in. 
13 
20 

11 5 
11 
4 

10 10 
14 9 
14 S 
21 3 



The object fired at was a well-built parapet of clayey earth, 
thickness at top 25 feet. 



RICOCHET FIRING. 

1. When adopted in the field, the guns should seldom be elevated 
above 3 degrees, as the objects fired at are generally cavalry, and 
infantry, and the lower the angle the longer will the shot preserve its 
force, and have effect. 

2. In the ricochet of a fortification of any kind, the elevation should 
seldom exceed 10 degi-ees to throw the shot over the paittpet a little 
higher than the level of the batteiy ; and, on the whole, the best ele- 
vation to enfilade a work is from 6 to 9 degrees, measured above the 
crest of the parapet with corresponding charges. 

3. The charge, and elevation being known for any range, when the 
gun, and parapet are on the same level, the same chai'ge, and eleva- 
tion may be used so long as the difference of level does not exceed 
one-twentieth of the horizontal distance between them, the elevation 
being given by the tangent scale, and the gun laid at the parapet, 
whether above, or below its own level. 



VAB.T in.] RIOOCHBT. IBON OBDSAKCE, UOBTABa. 
JltcDCM Fraetia arUh Irtn Onbumet. 
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UORTASS. 



IS Foimiki CuTODsde, the ElevkUon 



Pradical mlti. 

To find the ChttTgt for a gicen Sange at 45° eleraiion. 

13 inelt Mortar. — To the nogs, ia jsids, add bait tlie range, mul- 
tiplj* the ■um by '03 far the chaise, in ounces. 

10 inch Jfortar.—Wben tbe hd^ is under 1350 farda, aiM to ths 
range ISO, and multiply by -02 ; »nd if the range is over 1350 yarda, 
add ont-fifth of the range, and multiply by '02 tor Iheohnrge, in ouucei. 

8 HUiA Mortar. — To the range, in yaiiis, add 20, and Uie sum mul- 
tiplied by '015 will give the cbaige, in ounces. 

5i iniih Mortar,— 7o the range, in yards, add 150, and multiply by 
■08, for the chaipf, in ounces. 

4J inch Mortar, — To the nuige, in yards, add 300, and multiply by 
■OS ibr the cliaige, in drams. 

Tojindtlu tone of fiig/tt, Ihe range being given. Divide the square 
root of the nuige, in feet, by 4'5 for tVe time of flight, in secondi. 

Ibftutthe Saage, the Time of flight being given. Multiply the 
' flight, in sieonds, by 4-6, and square the product for the range. 



Multiply the t 



in feet. 

Tafindthtlaigthof Fm, 
of flight, in aecOTids, by "23, for the 13, and 10-inch □ 
'24 for 8, 5), and 4j inch mortars, for the length oC Euu, ui \«ii!Cia. 
* Old pattern. 
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Mortar Practice at 15°, 25°, and 45° Elevation, 1838. 
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PT. iilJ ammunition, pkojectileSj combustibles, etc. 87 



AMMUNITION, PROJECTILES, LABORATORY 
COMBUSTIBLES, STORES, ETC. ROCKETS, WAR. 



CABTBIDGE, BALL ; BOXER, SNIDER CONVERTED ENFIELD 

RIFLE. 

Central fire in a case of rolled sheet brass, with paper cover ; the 
ball has a clay plug in base, and wood plug in head. 

Fwe patterns have been made, of which four are in the service. 
Pctttem 2. — White paper cover, brass base disc, bullet 4 cannelures 

filled and covered with wax. Intended for short rifies. 
Pctttem 3. — White cover, brass base disc, bullet 3 saw-shaped cao- 

nelureH. Is for long rifles. 
Pattern 4. — White cover, iron base disc, bullet 3 saw-shaped canne- 

lores. Is for long i-ifles. 
Pattern 5. — To supersede all others. Brown paper cover, iron base 
disc, bullet 4 saw-shaped cannelures. Is for ail Snider lifles * 577 
bore. 
All patterns may be interchanged on an emei^ency, but the shooting 
may be less accurate. 

A bundle of 10 cartridges (Pattern 5) weighs 15 or 13 drs. Each 
cartridge is waterproof, and it is nearly impossible to explode a barrel 
of this ammunition en masse : it may be blown violently in pieces, 
without igniting more than one or two cartridges. 



CARTRIDGE, BLANK. 

As Piattern 5 above, without bullet and paper cover. Slighter case. 
Weight of 10 roimds, 4 ozs. 5 drs. 



AMMOOTTIOrr. SMALL ARMS. [PAET in. 
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0ABTKID6ES. 



[part m. 



Cartridges, Dimensions^ &c. 



Nature 


• 


of 


6 

IT 


Ord- 


nance. 




10-In. 


12 




8 


8-Jn. 


10 




8 




5 


150-Pr. 


40 




35 




20 




25 


lOO-Pr. 


20 




12 


68-Pr. 


18 




16 




14 




12 




10 




8 




6 


66-Pr. 


14 




8 


42-Pr. 


14 




12 




lOi 




8 


32-Plr. 


10 




8 




n 




Y 




6 




5 




4 1 



Purpose for which eadi Charge is intended. 



Land Service. 



\ 



Qtxnsa, 

Service 

Martin Shell, Ckrcass ) 
Saluting or Ezer- > 
cising. ... 3 

Service, 65 & 60 cwt Gun 

( Service, 62 or 60 cwt.) 
X and Martin Shell j 

Saluting or Eizerciaing. 



Service, 113 cwt. Gun . 
Service, 95 cwt Gun . 
Service, 8Y cwt. Gun . 

Martin Shell . . . 
Saluting or Elzerdsing. 




Service 

Saluting or Exercising. 

Servi(«, 84 cwt. Gun . 

Service, 76 cwt. Gun . 

( Service, 67 cwt. Gun ) 

\ and Hot Shot, 84 \ 

( cwt Gun . . ) 

Saluting or Exercising 

Service, 63,58, and 56 

cwt Guns . . 
Service, 50 to 48 cwt 

Guns . . . - . 

Hot Shot, 63 to 66 

cwt Guns . . 

rvice, 45 cwt. Gun 

(Service, 46. 42. 41, 401 
( and 39 cwt Guns j 

Service, 32 cwt Gun . 



r Saluting 
I cising 39 
j upwards, 
r 25 cwt Gun 
jSkluting or £xer 
i GlaiDg 32 cwt Uon 




Sea Service. 



FttU 

(Martin Shell, Gar-) 
( cass, and Reduced j 

(Distant 65 and 60) 
( cwt Gun . . j 

Full, and Martin Shell 

(Reduced, with Coal-) 
1 dust wad. . . j 
Battering .... 

Full 

Reduced and Saluting 
Battering .... 

FuU 

Reduced and Saluting 



Distant 95 cwt Gun . 
Distant, 87 cwt Gun . 
Full, 95 cwt Gun . . 

Cull, 87 cwt Gun.) 
md Martin Shell { 
duced, 95 cwt. Gun 
Reduced, 87 cwt. Gun 



;V 



(Distant 58 or 66 cwt) 
I Guns . . . . ) 

Full, 58 to 48 cwt Guns 

(Hot Shot, 68 or 56) 
1 cwt Guns . . ) 
Full, 45 cwt Gun . . 
Reduced,58 or 56 cwt 
Guns; Full, 42, 41, 
40, 39 cwt. Guns 
Reduced. 50, 48, and 
45 cwt Guns; Full, 
32 cwt Gun . . 

( Reduced, 42 to 39 
< cwt. Gun; Full, 25 
f cwt Gun. . . 



BAdaoed, 7A C!^9\. Qixxn 



Cartridge^ 

bow 
Marked. 



10 IK. 13 LB. 

10 IN. 8 LB. 

8IK. 65 OS 60 
D10L& 

8 IN. 8 LB. 
8 IN. 6 LB. 



150 PB. 
150 PR. 
150 PR. 
100 PR. 
100 PR. 
100 PR. 

68 PR. 

68 PR. 

68 PR. 

68 PR. 



40 LB. 
35 LB. 
20 LB. 
25 LB. 
20 LB. 
12 LB. 
18 LB. 
16 LB. 
14 LB. 
12 LB. 



\ 



68 PR. 10 LB. 

68 PR. 8 LB. 
68 PR. 6LB. 
56 PR. 14 LB. 
56 PR. 8 LB. 
42 PR. 14 L& 
42 PB. 12 LB. 

42 PR. lOiLB. 

42 PR. 8 Z(B. 
32 PR. 58 Oil 
56 D 10 LB*. 

32 PB. 8 LB. 

32 PR. 7iLB. 
32 PB. Ilb. 

32 PB. 6 LB. 



32 PB. 5 LB. 

sapB. 4lb. 



\ 
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Nature 

of 

Onl- 

nance. 



32 Pr. 
24-Pr. 



18-Pr. 



li-Pr. 



9-Pr. 



«-Pr. 



lb. 



2i 

2 

8 



6 



/ 



/ 



2i 



6 



4* 



2i 

3 
2* 

2 

U 



U 



Porpose for which each Qiarge Is intended. 



Land Service. 



//' 



Gus9— continued. 
fSalating or £xer-> 
X dsing 25 cwU Gun f 

(Service, 50 & 48 cwt.)_ 
( Guns . . . . j" 
' Service, 41 cwt. Gun ) 
and Hot Shot, 50 \ 
and 48 cwt. Guns . 3 
Saluting or Exer- 
cising 50 and 48 
cwt Gnns . . 
Service, 33 cwt Gun, 
Saluting or Exer- 
cising 41 cwt. Guns 
^Saluting or Exer-f 
'( cising 33 cwt. Guns) 
( Service, Saluting or 

< Exercising 20 cwt 
( Guns .... 

("Service, 42 to 38 cwt. 

1 Guns. . , . 

( HotSbot, 42 to 38 cwt 

]( Guns .... 

' Saluting or Exer- 
cising 42 to 38 cwt 
Guns . . ,. , 
Service, Saluting or 
Exercising 22 to 20 
cwt. Guns . . 
Service, Saluting or 
Exercising 15 cwt. 
Guns . . . . ^ 

i3ervice. Iron and Bronze 
Saluting or Exer- "^ 
cising Bronze, and ( 
34, 33, 29* cwtr 
Iron Guns . . ) 
Saluting or Exer- ^ 
cising 21 Gwt. Iron \ 

Guns .... 3 
rvice Iron Guns . . 
Service Bronze Guns . 
(Saluting or Exer- 
( cising Iron Guns 
(Saluting or Exer- 
1 cising Bronze Guns 
Service Iron Guns . 
C Service, Bronze Guns, 

< Saluting or Exer- 
f cising Iron Quia 

SalatlDg or Exer-Y 
dsing Bronze Gudbj 



I 



Sea Service. 



Reduced, 25 cwt Gun 
Saluting .... 



(Full. 22 or 20 cwt) 
( Guns. . . . ) 

( Reduced, 22 or 
< cwt. Guns; Full, 
( 16 cwt Gun 



20 ) 



cartridge, 

how 
Marlced. 



32 PR. 
32 PB. 
24 PA. 

24 PB. 

24 PB. 

24 FB. 

24 PB. 

24 PB. 

18 PB. 
18 PB. 

18 PB. 

18 PB. 

18 PB, 
12 PB. 



2iLB. 

2 LB. 
SLB. 

6LB. 
5LB. 

4 LB. 

3 LB. 

2iLB. 

6LB. 
4iLB. 

3LB. 

2 LB. 
4LB. 



12 PB. 3 LB. 



12PB. 2iLB. 

9 PR. 3 LB. 
9PR. 2* LB. 

9PB. 2 LB. 

9PB. liLB. 
6PB. 2LB. 




CARTRIDGES. 

Cartridges, Dinieniions, A:e.- 



[PAHT IIL 



12 



S2-Pr. 
«-Pr. 



ExcriirtPB, B™- ' 



g^uUoE or Ru^ng' 

•> lea . . . , , 

ling or KieniliUiE, 

ting nr EicnH 
C device. Solatlng or ) 



"' c»L,Coelioni 



/'S. 



r UI.] BQSBI K>B FACElMa PSOJECTtLES. 



BOIES ton PIOKIMO PBOJEOTILES. 

SmooA Bore Ordaance. 



Box. BoiM. ProjKi 



. Cmnmo 
* Ndial 

SlKll, Dlapbragm 
„ Uutln 






}-!■■■ 

I 









"•'•\\SV( 
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WTim FOR PACKING PBOJEOTILGS. [PABT HI. 



BOXES FOB PACKING PBOJECTiLES — Continued, 
Smooth Bore Ordnance, 



No. 

of 

Box. 






No. 




Weight. 




Ordnance, 


Prodectile, 


in 
















Nature. 


Description. 


each 
Box. 


Boxes. 


Projectile. 




Total. 








lb. 


lb. oz. dr. 


cwl 


.. qr. lb. oc 


17 


18 Pr. Gun . . 


»-«{^tZ" 


^ 


f 


15 15 8 




1 8 13 


m 


w •» • • 




J 


12 10 4 




14 71 


M 


18 &. Garronade 


Shot .... 


h 


20-12< 


18 3 8 




1 25 14 


f» 


Grape. . 










14 6 




23 12 


M 


» 1. • . 


Owe . . 






) 


I 


13 9 




17 4 


18 


12 Pr. Oan . . 


w • 






12 


24*7 


16 11 12 




1 8i 


19 


It »♦ • • 


Grape . . 








f 


12 11 8 




2 6 11 


» 




n • 










10 4 




1 4 10 


M 


•• H • • 


CasA . . 






j.12 


21*10. 


8 15 




16 14 


n 


» Howitzer 


.. L.a. 






7 14 12 




4 2 


t* 


. M (» • • 


n S.S. 










8 15 8 




16 11 


M 


41 Inch M . . 


It • 










8 14 




6 


20 


12 Pr. Gun . 1 

M n • 5 


Shot .... 


) 


r 


10 4 4 




10 6 


»» 


r 


17*13^ 


8 16 
12 8 




12 6 

1 27 2 


n 


4| In. Howitzer 


Shell .... 


j 


( 


10 1 




a 26 9 


21 


9 Pr. Gun . . 


Case .... 


12 


22*12 


13 6 




2 9 10 


22 


M » • • 


Grape .... 


12 


17-6 


10 7 




1 2 13i 


23 


M »t • • 


Shell, Diaphragm 


I 12 


18*4 J 


7 13 10 




10 


M 


ft H • • 


Shot .... 


I 


±o * K 


9 5 8 




18 8i 


24 


6Pr. Gun . . 


Shell, Diaphragm 


I 24 


23*8 i 


6 12 




1 6 7| 


M 


ft »» • • 


Shot .... 


> ^% 


6 3 




2 4 4t 


25 


W It • • 


Case .... 


12 


14-14 


8 11 12 




6 15 


26 


H »f • • 


Grape. . . . 


12 


13-10 


6 9 8 




3 4 3 


27 


3Pr. Gun . . 


\/as6 .... 


30 


|l80| 


4 6 




26 6 


M 


ft M • • 


Shot .... 


60 


3 18 




3 7 7 


28 


» t» • • 


Grape .... 


60 


21 15 


2 9 




2 3 12 




13 Inch Mortar. 


1 lb. Shot . . . 


100 


12 -Si 


• • 


1 


8i 
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PART IIL] 



SMOOTH BOBE ORDNANCE. 



Shells an hollow iron Shot, md an of Tsrions deacriptiooi, viz. : — 

lit. — The Common AeB, wiUi Ma fhie hde, DMd in th« atlaek, ud 
defence of fortnsMs, &&, igunst ihippJi^, and tioois. 

2Dd, — The Camait, which has three fire-bolo, ■■ filled with burn- 
ing oimpodtjou, and is lual to let Eie to towni, &c 

3rd. The Sirapntl tliiB, which is very destmeUre wiien used 
i^ainst bodies of Cavahy, or ln&atrj, as it produces the same effect 
•5 oommoD Ca5« or Canister shot from gnos, or howitzen, bat at a 
niDch ereatar range. 



KanireandDMoriptlon. 


»««>. 


Hstuni aad DesorlplloD. 


Kean. 








ib Dt 


















aodplngBBl- 








10 Inch ... . 


1? n 


ioinS ' ■ ■ ' 


ij a 






Bind. .... 








Bt loch . . . . 




























laPr. 


8 It 




101 10 


T^ ™aio,^r''Js 




SfilT^^ : : 


« m 










looPr. 

8 Inch ... . 








60 S 




S,^ 








set:'. ■. ; '. '. 


I'll 


bbPt. 

is-- ■-■■■■ 

iBpr!: : : : : 


tl SI 

1.3 






BPr. 


;,s 










3 Pt. CLnnd service; 




Shot, SolJil, ritelsd— 


IB 3t 








riveled iDd jiIogBftJ- 


BS » 


tViV. '. 


\r; 



% 



jsnnETfTJH^ 



[part in. 



Nature and DescriptioB. 



Carcasses, empty 

13 Inch 
10 Inch 
8 Inch 
32 Pr. . 
24 Pr. . 
18 Pr. . 
12 Pr. . 



Oucaases, filled, loose- 
is Indi • . . . 
10 Inch . . . . 
8 Inch . . . . 

Carcasses, filled, riveted- 

32 Pr. 

24 Pr. . , . . . 

18 Pr. 

12 Pr. 



Mean. 



Shot, Case, Qnn— 

150 Pr.. . . 

10 Inch . . 

100 Pr. . . . 

8 Inch . . 

66 Pr. . . . 

42 Pr. . . . 

32 Pr. . . . 

24 Pr. . . . 

18 Pr. . . . 



lb. oz. 

220 15 
98 101 
49 Ui 
24 31 
18 Oi 
13 12 
8 IH 



234 

103 1 

62 12 



28 8 

16 11 

14 2 

9 1 



144 
79 3i 
99 12 
47 4 
52 5 
46 5 
34 Hi 
24 2i 
19 3 



Nature and Description. 



Bbot, Case, Gun— 

12 Pr. 

« Pr. 

3 Pr. 

Shot, Case, Howitzer— 

10 Inch .... 

8 Inch .... 

32 Pr. 

24 Pr. (Sea servloe) . 
24 Pr. (Land service) 
6i Inch .... 
12 Pr. rSea service) . 
12 Pr. (Land service) 
4| Inch .... 

Shot, Chrape, (Baffin- 

10 Inch .... 
10 Inch . . . . 

68 Pr 

56 Pr 

66 Pr 

42 Pr 

32 Pr 

24 Pr 

18 Pr 

12 Pr. 

9 Pr 

6 Pr 



Mean. 



lb. 


OZ. 


16 HI 


13 


6 


:» Hi 


4 

4 


.6 


89 


H 


34 


0* 


22 


6i 


15 


1*1 


13 


»* 


13 13i 


>B 16i 


7 141 


8 


U 


82 


121 


82 12i 


67 


0* 


09 


H 


69 


8* 


48 lOi 


37 


8* 


26 


2i 


18 131 


12 


11* 


10 


7 


6 


9* 



SHELL, DIAPHBAOM. BOXER. 

The several sizes are 6, 9, 12, 18, 24, 32, 42, 56, 8-inch ; or 68-Pr., 
100-Pr., and 150-Pr. Each shell coDtains the foUowlDg number ot 
bullets, hardened with antimony^ — 



150-Pr. . , 


. . 802 


18-Pr. . . 


. 75 


100-Pr. . 


. . 484 


12.Pr. . . 


. 72 


68-Pr. . . 


. . 339 


9-Pr. . . 


. 52 


32-Pr. . , 


. . 152 


6.Pr. . . 


. 29 


24-Pr. . . 


. 110 







All diaphragm shell are fitted with a metal socket, the top of which 
is flush with the surface of the shell. Diaphragm shell, whether filled 
(bursting charge in them) or empty, are issued riveted to wood 
bottoms, and packed in boxes. If issued filled, they are for Naval 
service, 

SHELL, MARTIN. 

The Jfartin sheU is an incendiary sb«\\ of Vcoii, Iv&ftd with clay ; 
Bad is £Ued with molten iron befoT« Wn^ &ted.. 
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CHARGES, BUB8TING. 



3tfi 

so 






«e lo •<« 



a 

Q 



a 



a 



<«<«*•<>■ lO 



iO-<« 



4^ 



I 

OQ 



.^ 



o u 

3 * 



^ • • • • 

^- c o o o 

^> TS "O "O "O 



6 6 6 
•on 



8 






% 



2 

a 

o 

K 
a, 



a 
o 

a 
a 

6 



B ^ 



is * 



^ 



^o 



o oo 



O . ,_| pH rH 

^ CO d ^ o 



I 



US' 



a oeo 

•S O lO o 



• N 






1 



.S3 



.-■O'O'O-O 
CQ 



o o' o' 6 

"O "Q "O "O 



,g o o o o o 
5^ o « 00 CO -^ 
x5 *- <o ■* ■* N 



O 00 00 o 

-4 o o e 



CO 

hi 
O 

H 

03 

g 








101 



















a 



04 ud at V ^ P 



«> ^'C 






100 



SHELLS. 



[I 



\l 



n 






I 



2 

2? 

6 





1 

I 

I 



j3 



ll 



ct 



§ 



5 • ••«* • '* w eo w eo « en rt fH 






g : : : : :::::::::« 
8 * • • • * * ' • I • .* :« I 



5 • 



r-4 M -^ t* eo -^i CO e ^ «# F^ 
:S V . 00 » ph irt fh 00*- lo w 



t;3 



•e 



a 



a 






. • 'O 00 «e o o o o o ^ 00 o • 

JQ • •00 M a» *• «D lO ^ CO e^ pH r-4 • 



o • 
»5 • 



o 
eo 



e A o o ^ IQ 
• «- I-) A 00 n ei • 



0) 

a • • 3 



— ? ^ -? -• -J m3 • • 



a 



• (CO 



• • to '<j< O lO -^ <0 •« A 
• W ■* ^ N N 1-1 i-l 






• • • 

• • • ^^ 



o 
o 



g 'tae* 

.a to 94 



o o 



• ■ 



to 00 






o o 



o • c4 e> 



o o e o o o 

■ «- Cl lO O N *• 

e<l i-t i-l •-< O O 



0^ 

to 

O 



a 



"8 

a 



09 O 00 



•1« e<iK» 



/ M O 00 lO 



p^ £(S^££4pi4pH£££d>4 



c^ ^ t& ^(^-Atobe^^^^ 



o to 



C4 c^ "I* CD e«< 

'•WW'-*" 



15 



5 c 



5S^ 



I 



^ 



^: 







CHARGES, BUB8TIK6. 



101 




1^ 



I si si's if 

S* ^'^ ^ ta -S <«5 s 



102 SHOT, CASE, OB CANISTER. SHOT, GRAPE. [PART IlL 



, SHOT, CASE, OR CANISTER, 

The common Case or Canister shot consists of a number <^ balls 
packed in tin or iron canisters of a cylindrical form : the balls being of 
different weights according to the size of the gun. For field service 
the balls are counted into the case, and laid in tiers, but for other 
purposes thej are loosely thrown in till the case is filled. 



CASE SHOT FOR SMOOTH BORE ORDNANCE. 
FOR LAND AND SEA SERVICES, AS SPECIFIED. 

For Iron Guns, and BbtoitzerSf Garrison, and Sea Service, — ^For 
56, 42, 24, and 18-pounder Guns, and 10, and 8-inch Howitzers, the 
case consists of a tin cylinder witli a tin top, and plate-iron bottom with 
a rope handle, filled with iron balls of different sizes. 

For Carronades, — Cases for Carronades are prepared as above, but 
have fewer balls and weigh lighter. 

Bronze Ordnance, Field Service, — For Brass Ordnance, viz., 12, 9, 
6, and 3-pounder Guns, 32, 24, and 12-pounder, and 5^, and 4f-inch 
Howitzers, the cases are made of tin, fixed to wood bottoms, shaped 
cylindrical for 9, 6, and 3-pounder Guns ; conical for Howitzers, and 
Guns of same calibre (except for the 5^ and 4J-inch Howitzers, which 
are cup-shaped). Iron cylinder for 10", 8", 68-pounder, and 32-pounder. 

Sea Service. — 24, and 12-pounder Howitzer cases have fewer but 
heavier balls than those for similar natures of Howitzers for Land 
Service, and weigh heavier. 

Colour Fainted, — Cases for all Guns are painted red, and for all 
Howitzers, black, 

GRAPE SHOT. 

For Garrison, and Sea Service Guns. — Grape Shot for Land Service 
are of Caffin's pattern ; they consist of from 15 to 9 iron balls, of dif- 
ferent sizes, arranged in 3 iXers, between horizontal iron plates, secured 
by an iron spindle and nut ; they are painted black. 

For the 10-inch Gun, and 68 and 32-pounder, 24 three-pound ircm 
balls are packed in a sheet-iron cylinder, having plate-iron top and 
bottom, and an iron handle fitted on the top. 

Carronades. — Carronade Grape is prepared as Case-shot, the balls 
are much heavier, and vaiy in number from 9 to 15, and the cylinder 
is longer. 
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Katnre of Ordnanoe. 



Ginis . 



Howitzers 



Carronades 



Ibon. 
^150 Pr. 

100 Pr. 

10 Inch 

8 Inch, 
or 68 Pr. 
56 Pr. 
42 Pr. 

32 Pr. 

24 Pr. 
18 Pr. 
; 10 Inch 
8 Inch 
68 Pr. 
42 Pr. 
32 Pr. 
24 Pr. 
18 Pr. 
12 Pr. 



• • ) 

JN.P. 

ro.p.] 

^N.P.. 



^O.P 
^N.P 






O.P 
N.P 



Shot. 



Guns 



Howitzers 




Weight 
Eacb. 



oz. 

• . 

• • 

16 

16 

134 

do. 

8 

do. 

16 

8 

8 

do. 

8 

6 

8 

2 

8 

8 

8 

8 

6 

4 



6i 
5 

n 

H 

2 
2 
2 
2 

8 
8 
4 



Total 
Nnmber. 






91 

34? 

505 
do. 
90 
do. 
50 
84 
66 
do. 
46 
46 
170 
258 
90 
66 
40 
92 
31 
32 



41 
41 
41 
41 

105 

100 
56 

100 

56 

30 

15 

3 



84 



I 



18 



Total 
Weight 



lb. oz. 

[ 100 
80 5 



16 15i 
13 9 
8 5| 
4 7 
21 7 
13 13 

7 I3i 
13 15f 

8 Of 
16 9 

9 3| 
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OOMBUSTIBLES— GABOAJSSEB. BALI^ [PAST HI. 



COMBUSTIBLE COMPOSITION FOB LABORATORY 

STORES. 



CARCASSES. 
Weight, and Dimension of Carcasses. 



Nature of Carcass. 
Land Service. 


Mean 

Exterior 

Diameter. 


Weight, 
empty. 


Weight, 
fiUed. 
about. 


13 Inch . . , 
10 Inch . . . 
8 Inch, 68 Pr. 
56 Pr. . . 
42 Inch . . 
32 Inch . • 
24 Inch . . . 
18 Inch . . 
12 Inch . . 




inches. 

12-84 
9-85 
7-86 
7-48 
6-77 
6-177 
5-595 
5-099 
4-454 


lb. oz. 

220 

96 

48 

• • 

24-4 
18-0 

9-0 


lb. oz. 
234 
105 

53 

30* 8 
26 12 
19 4 
14 12 
9 8 



Carcass Composition. 

lb. oz. 

Saltpetre, ground 6 4 

Sulphur, ground 2 8 

Rosin, pounded 1 14 

Antimony, sulphide of . . . . 10 

Tallow, Russian 10 

Turpentine, Venice 10 

Bum from 3 to 12 minutes. 

BALLS, GROUND LIGHT. 

lb. OZ. dr. 

Saltpetre, ground 6 4 

Sulphur, ground 2 8 

Rosin, pounded 1 14 

Oil, linseed, boiled . . . .078 

Burn from 9 to 16 minutes. 

BALLS, LIGHT, PARACHUTE, BOXER. 

lb. oz. 

Saltpetre, ground 7 

Sulphur, sublimed 1 12 

Orpiment^ red 11 

Filed from xnortare, w\t\i\o\v dkax%j». 
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We^hts, and exterior Dmeneiona of these Balls. 

Weight Diameter, 

about Mean. Greatest. Least 

10 Inch . Slflbs. 9*85 9*88 9*82 

8 ^ . 15 lbs. 7-83 7*9 7-76 

5J „ . Gjlbs. 5-545 5-57 5*52 

Time of bumlog — 

10 inch, about 3 minates,'^ seconds. 
8 ,, ,» 1 f> 40 „ 

BALLS, SMOKE. 

Hx OZ. 

Powder, L.O,, bruised .... 6 

Saltpetre, pulverised by evaporation . 1 

Coal, Sea, pounded 18 

Pitch, Swedish 2 

Tallow, Russian 8 

Burn about 4 minutes. 

CBOSS-HEADED TUBES.* 

Detonating Composition, 

lb. OZ. dr. 
Potash, Chlorate of . . . .060 
Antimony", Sulphide of . . .060 

Glass, ground 1 10 

Damped with spirits, methylated, 1 quart, and shellac 357 grains, 
in the proportion of 75 minims to 1000 grains of composition. 

COPPER FBICTION TUBES. 

Detonating Composition, 

lb; oz. 

Potash, Chlorate of 6 

Antimony, Sulphide of . . . .06 
Sulphur, sublimed 0} 

Damped with spirits, methylated, 1 quai-t, shellac 824 grains, in the 
proportion of 200 minims to 1000 grains composition. 

QUILL FRICTION TUBES, 

Detonating Composition, 

lb. oz. 

Potash, Chlorate of 6 

Antimony, Sulphide of .... 6 

Sulphur, sublimed Oj} 

Powder, mealed 1 

Damped with spirits, methylated, 1 quart, and shellac 448 grains, 
proportion 200 minims to 1000 grains of composiUon. 

•^ All Tubes are ganged to two-tenths of an VnOi ^\aaac^et. 
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ELECTRIC TUBES AND FUZES. 

lb. oz. 
Copper, sab-sulphide of ... . 
Copper, sub-phosphide of ... . 
Potash, Chlorate of 

PORTFIRES. 

PORTFIBE, OOMUON. 

lb. oz. 

Saltpetre, ground 6 

Sulphur, sublimed 2 

Powder, mealed, cylinder. ... 1 4 

Length, 16 inches. 

Will bum 13 minutes. 

PORTFIRE, BLUE, OR SLOW. 

lb. oz. 
Water, distilled, from one to two 
quarts according to the nature of 
the paper. 
Saltpetre, ground 3 

PORTFIRE, miners'. 

lb. oz. 

Saltpetre, ground 4 

Sulphur, sublimed 2 

Powder, mealed, cylinder .... 2 

PORTFIRES, COASTGUARD, AND SLOW-BURNING COMPOSITION FOR 

LIFB-BUOy PORTFIRES. 

lb. oz. 

Saltpetre, ground 8 

Sulphur, ground 4 

Powder, mealed, cylinder .... 1 

PORTFIRES, LIFE-BUOY, 

Quick-burning Composition, 

lb. oz. 
Saltpetre, ground. ,,..-. 3 

Sulphur, sublimed 2 

Powder, mealed, pit 10 

LIGHTS, LONG AND SIGNAL. 

lb. oz. 

Saltpetre, ground 7 

Sulphur, sublimed 1 12 

Orpiment, red 8 

Long light bums 5 minutes. S*igQaV\\^\.\>>Miia\ lowsvxXft, 
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MATCH, SLOW. 

Hemp Tarn, pare, Russian . . lbs. 100 

Ashes, Wood bushel 1 

Water gallons 50 

One yard bums about 8 hours. One skein (35 yards) weighs 7 lbs. 



MATCH, QXnCK. 




4 Threads. eThreads. 


10 Thread 


lb. oz. lb. oz. 


lb. oz. 


Cotton Wick .... 1 10 22 


2 7 


Gum, Arabic .... 8 09 


10 


Powder, mealed, cylinder . 20 20 


24 


Water, distilled . . . 8pmts. 9 pints. 


10 pints. 



FUZES, TIME, WOOD, BOXER. 

Of general service. Heads closed with metal. 20 seconds, and 9 
seconds B.L.R.O. fuzes have detonators for ignition. M.L.O. fuzes are 
ignited by Quick match through the head, exposed before firing. Also 
Special — 10 seconds M.L.O. for 7 Pr. 

«*E" Time, Freeth's Modification; and C Percusaon, Freeth's 
Modification. The former screws into B.L. Field Service Shell, the 
latter drops into the Segment shell, or into a special socket in conmion 
shell. 

PDZE (boxer's). 

The wooden cases are made of well-seasoned beech. The compo- 
sition bore is made excentric with regard to the exterior, and two 
powder channels are bored upon that side in which there is the 
greatest thickness of wood. A hole is bored through the mealed 
powder at the top, and into the fuze composition, to insure the igni- 
tion of the fuze composition from the priming. Two rows of holes 
(the holes two-tenths of an inch apart) are made into the powder 
channels, and the bottom hole in each row is continued to the axis of 
the composition bore. The small side holes, with the exception of 
the bottom ones, are filled vrith pressed powder and a small portion of 
clay. The powder channels contain rifle powder, and the bottom side 
holes have a piece of quick match placed in them. 

A simple boring bit is supplied to each gun, in case the borer, 
specially made for the fuze, is lost or damaged. 

Colonel Boxer's fuzes are adopted for all natures of guns, and 
howitzers, one inch in length for diaphragm shells, and two inches in 
length for common shells, 3 inches for 5}, and 4§ inch mortars. 

FUZE, MORTAR, LARGE (BOXER*s). 

Fuze for 13, 10, and 8 inch Moriar Shells. 
The fuze for mortar shells has a spiral row of VioVes, V)cve cft"tv\x^ ^^ 
which are •£ of an inch apart in the direction of the axis oi ^Joa Ixsafc^ 
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Directions for preparing the Fuze for any particular range. 

Hold the fuze firmly in the left hand, in8ei*t the point of the bit 
into the required hole, place the head of the brace against the body, 
and turn with the right hand until the stop comes in contact with the 
wood. 

N.B. — ^The wood bottom of the fuze must on no account be cut off, 
as it supports the composition, and prevents its being disarranged by 
the Bhotk at the discharge. 

FcrzE. 
Composition, 

lb. OK. 

Saltpetre, ground • 3 4 

Sulphur, sublimed . ' . . . . 10 
Powder, mealed, pit 2 12 

PETTMAN LAND, SEA, AND GENERAL SERVICE FUZES. 

Detonating Composition, 

Potash, Chlolate of ... , parts 12 
Antimony, Sulphide of . . . » 12 
Sulphui*, sublimed .... „ 1 

Powder, mealed, L.G. ... >» 1 

Damped with varnish, of spirits, methylated, 1 pint, and shellac 
112 grs., in a proportion of 40 minims to 100 grs. of compo. 

E-PATTERN FUZES. 

Detonating Composition, 

Phosphorus, Amorphous, with 10 per 

cent, calcined magnesia . . , parts 8 

Potash, Chlorate of ,,16 

Shellac , « 3 oz. 8 gr. 

Spirits, methylated gill 1 

Glass, ground parts 6 

40 minims of varnish to 90 grs. compo. 

TIME FUZE, BOZER 2-INCH, 

Detonating Composition, Rifled Ordnance, 

Potash, Chlorate of paits 6 

Antimony, Sulphide of ... . „ 4 
Mercury, Fulminate of . . . , ,,4 

Damped with varnish, of spirits, methylated, 1 pint, shellac 645 grs 
in a proportion of 24 minims to 100 grs. of composition. 



»» 



DYER PERCUSSION FUZE. 

Detonating Compositiou. 
Same aa for E-pattero, with addition ot ^-^W oi «^vi\V,, x^^5}esq^ai«&.* 
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PILLA.B FUZE. 

Moorsom Detonating Composition, 

lb. OK. 

Antimony, Sulphide of (between 80 

and 120 mesh) 6 

Potash, Chlorate of 6 

Damped with thin varnish, of spirits, methylated, 1 pint, shellac 
645 grs., in the proportion of 32 grs. to 100 grs. composition. 

METFOBD EXPLOSIVE BULLET, 

lb. OZ. 

Potash, Chlorate of 2- 

Sulphur, sublimed 1 

COMMON, OLD PATTEBN, PEBCU8SI0N CAPS. 

lb. oz.': 
Mercury, Fulminating ,.,,04 

Potash, Chlorate of 6 

Glass, ground 2 

n,p. CAPS (fob bbeech-loadebs only), 

lb. OZ. 
Mercury, Fulminating ,,.,04 
Potash,' Chlorate of 1 

COMPOSITION FOB PBESENT PATTEBN, A/64. 

lb. OZ. 

Mei-cury, Fulminating .... 6 

Potash, Chlorate of 6 

Antimony, Sulphide of . . ..04 

CONGBEVE SOCKETS. 

24 Pr. 12 Pr. 6 & 3 Pr. 
lb. OZ. lb. OZ. lb. OZ. 

Saltpetre, pulverised . , 7 12 8*12 8 12 
Sulphur, sublimed ... 2 20 20 
Charcoal, Alder, ground .30 214 28 

BOXEB IMPBOVED BOCKETS.t 

24 Pr. 12 Pr. 6 Poraider. 

Quick. Slow, 
lb. OZ. lb. oz. lb. oz. lb. oz. 

Saltpetre, pulverised . . 62 62 68 12 62 
Sulphur, sublimed , . . 16 16 12 4 16 
Charcoal, Alder, ground . 24 24 IB 1^ ^Ac ^ 



y 



• l2&24Pr. Bales Kocket. 
f Quick composition. 



112 BOCKETS. LABORATORY STORES. [PABT HI. 

HALES BOCKET. 

6&3Pr. 
lb. 02. 

Saltpetre, pulverised 68 12 

Sulphur, sublimed 12 4 

Charcoal, Alder, ground . . . . 18 12 

SIGNAL BOOKET, 

lb. oz. 

Saltpetre, pulverised 8 

Sulphur, sublimed 2 

Charcoal, Dogwood 3 

STARS OF SIGNAL ROCKETS. 

Composition for, 

lb. OS. 

Saltpetre, pulverised 8 

Sulphur, sublimed ..... 2 

Antimony, Sulphide of .... 2 

Isinglass ..08} 

Spirits, methylated ..... pint 1 

Vinegar quart 1 

Powder, L.G., mealed, for priming pound 1 

Head of 1 lb. Rocket contains 36 Stars. 
„ }lb. „ 24 



»» 



LABORATORY STORES, ETC. 

ADAPTERS. RIFLED GUNS. 

Geneml Service, Gun metal. Used to make shells, with the " Moor- 
som " gauge, take fuzes of the General service gauge. There are two 
patterns, one for Rifled shell, and one for Naval smooth bore Shell. 

GREASE. 

The composition used for greasing wheels is composed of equal parts 
of Tallow, and coarse sweet oil melted together ; and is made up in 
kegs of 28 lb. each. In warm weather the proportion of tallow must 
be increased. 

GUNPOWDER. 

ITie component parts of Powder are 75 parts of nitre, 10 of sulphur 
and 15 of charcoal. 

Cylinder Powder is made from charcoal that has been burnt in iron 
cylinders ; and Pit powder from chai*coal burnt in common pits. 
Gunpowder, irhen ignited^ expands "w\tYv ». \%\wily of about 5,000 
feet per second ; and the pressure of \)[ie ft^Ji^ V& «)wsv)l\, 'i*,^^^ >aR&s)& 
^at of common air. 
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One pound of powder measures 32 solid inches. 

A cubic foot of Government povcder weighs ahout 58 pounds. 

Gunpowder is manufactured by reducing the nitre, sulphur, and 
charcoal to powder ; they are then mixed, moistened with water, and 
again mixed in a mill for five or six hours, or until the miitura is as 
intimate as possible, for upon this the strength of the powder chiefly 
depends. 

When taken from the mill, the composition is put in a press, and 
formed into hard cakes about a quarter of an inch thick ; these, when 
dry, or nearly so, are broken by wooden mallets into small pieces, and 
reduced into grains by being put into sieves, and forced by means of a 
wooden roller through circular holes of the projJer diameter. 

Good powder should be devoid of smell, and' of uniform colour, ap- 
proaching to that of a slate. The particles shoUld be perfectly granu- 
lated, and free from cohesion. It should admit of being readily poured 
from one vessel to another. 

In powder that has became damp^ large lumps are formed: should 
the damage, however, not be very considerable, these concretions may 
be reduced by drying the powder in a hot-air stove, rubbing and 
loosening the grains ; but powder thus affected never thoroughly re- 
gains its lost strength. 

To test the purity of powder, — Lay a dram of it on a piece of clean 
writing-paper, and fire the heap by means of a red-hot iron wire: if 
the flame ascend quickly wilh a good report, leaving the paper free 
from white specks, and without burning holes in it, the goodness of 
the ingredients, and proper manufacture of the powder may be safely 
inferred. 

Good powder blasted upon a clean plate of copper should leave 
no track or mark of foulness. 

Powder exposed for 17 or 18 days to the influence of the atmosphere 
ought not to increase materially in weight. One hundred pounds of 
powder should not absorb more than twelve ounces : if it increase in 
weight more than one per cent., the powder should be condemned. 

POWDER MARKS. 

The various sorts of powder are distinguished by the following 
marks on the heads of the bjinels : — 

*L G Large grain. 

*F G ...... Fine grain. 

* Bed L G, or F G, denotes powder of the best quality, f White 
L G, or F G, is an inferior powder for salutes, &c. 

POWDER MAGAZINES. 

To ascertain if a Magazine is damp. — Soak a piece of sponge in a 
solution of salt of tartar, or common salt and water : let it be well 
dried, and weighed, and then be placed in the magsaiiie,^\ucVi/\l ^\n:^> 
will cause the sponge to become heavier. 
A smaJl weight, suspended by a piece of catg;ut> or \ia^T^ ^*^ ^\^5» 

1 
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discover moisture, causing the former to contract, and the latter to 
lengthen. / 

POWDER BARRELS. 

Whole Barrels contain 100 lb., and Half Barrels 50 lb., of powder, 
whether fine, or coarse. 

Dimensions cf Powder barrels. 

Whole barrels. Half barrels. Quarter barrels, 
indies. inches. Inches. 

Depth .... 21-1 16i U 

Diameter at top , , 15*4 12| 9^ 

Do. at bulge . , 17'4 13| lof 

Do. at bottom , . 15*4 12| 9^ 

BUDGE BARRELS. 

Weight of baiTel, copper-hooped, 10 lb., hazel-hooped, 6 lb. 
Length of barrel lOi tochee j ^ ,^,^ „ gg j^ 

Diameter . • 13 „ j 

CASES, POWDER (bOXER's). 

Pentagonal. — Dimensions of sides in inches. 

One— 15-42. Two— 11-044 Two— 9*2. Depth of case— 19-2. 

Weight, 68 lb. 

HYDROSCOPE. 

Insti-ument for measuring distances from elevated batteries. 

It consists of a galvanized iron tube about 8 ft. 9 in. long, with a 
copper cistern at each end. Each cistern contains a zinc float canying 
a straight edge on a wire, the stalk being 7 inches high, and having a 
small steadying weight at the bottom. The tube is let into a groove 
cut in a block of wood, and is secured to it by an iron plate which is 
screwed down to the block. To the side of one of the cisterns is 
attached a brass socket in which a wooden tangent scale slides, and may 
be clamped at any height. Two faces of this scale are graduated in 
yards, each face for a separate height above the level of the sea. 

The instrument is used as follows: — 

A sufficient quantity of water having been poured in to fill the • 
tube and cisterns so far as to support the floats, the block of wood 
carrying the tube is placed upon the parapet or other convenient resting 
place, and the tube directed towaixis ihe object the distance of which is 
to be ascertained. 

From the arrangement of the floats, the straight edges which they 
carry are always on the same level, no matter what may be the incli- 
nation of the tube. The tangent scale being then raised until the 
object is seen through the + slit of the sight in the same line as the 
further straight edge, the distance on tV\e wa\ft "vVxOcv <iQvwi\\«& ^viVi 
the nearer straight edge is the appvoxunale d\B\KWift q^ >i)tv^ QXjjfisit, 
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MANTLET, IRON. 

Iron Mantlets for the protection of Markers at Rifle practice are 
constructed of half-inch plate iron, 7 feet 4 inches high, 6 feet 
long, and the sides 1 foot 6 inches wide at the top, and 2 feet 
6 inches at the hottom. Weight 17 cwt. The mantlet is secured 
by four screws on each side, which pass through angle, riveted to the 
mantlet, into wooden baulks underneath. 

PASTE. 

lb. OS. 

Flour 2 

Alum, pounded , 1 

Water 1 galL 

SHELLAC PUTTY. 

lb. oz. 
Whiting 6 

Shdlac, Gum 2 

Spirits, methylated 1 quait. 

THICK JBROWN VARNISH. 

lb. oz. 

Shellac, Gum 16 

Spirits, methylated 2 galls. 

THIN BROWN VARNISH. 

lb. oz. 

Shellac, Gum 8 

Spirits, methylated 2 galls. 

PENDULUMS. 

A Pendulum is readily made (if not in store) with a musket ball, 
and a piece of silk. The length of a pendulum is measui*ed from the 
centre of the ball to the end of the loop, on which it swings. 

(Seconds . . 39 * 14 inches, 
i Seconds . . 9*8 



(I Seconds . . 2*45 






To find the length of a pendulum to make a given number of 
v^ationa, 

Jiule, — As tlie square of the given number of vibi-ations is to the 
square of 60, so is the length of the standard (39* 14, length for one 
second) to the length sought. 

Or, multiply 39*14 by the square of the time xec^vaxeA. ^ot ^^ 
peadalaw to vibrate — viz., by the square of J = i, for \ se,coi[\^\ «sA. 
bf tbegquare of 2=4, for two seconds. 



116 BOGKETS, WAR. [PAILT HI. 

To find the number of vibrations, the length of pendulum being 
given. 

Sule. — ^Multiply 60 seconds hj the square root of 39*14, divided by 
the length of the giren pendnlQin. 

Or say, As the given length is to the standard length, so is the 
square of 60 (its vitnitions per minute) to the square of the number 
required. 



B0CKET8, WAR. 

Two kinds — 1st. Boxer*8 improred Gongreve. 2nd. Hale's. Of 
both there are 3, 6, 12, 24 poonders. Hale's rod^et has no stick, 
being kept point foremost by the aerotation given from the gas pressing 
against 3 carved shields fix^ to the three vents. • 

BOCKETS, LIFE SAVINO, BOXEB 12 POUNDER. 

These are fixed to carry a line over a stranded vessel, and establish a 
communication by means of which a hawser carrying a sling, and also 
a line for running the sling along the hawser are made &st to the 
highest possible point available on the masts. Two or three men may 
travel together on the sling. No rule can be given as to speed, which 
must depend on the distance of the vessel. It is very important to 
avoid fouling. 

MACHINE, ROCKET. 

For Congreve rockets there are three kinds — 1. Siege. 2. Field. 
3. Sea-service. Some modifications will be adopted for Hale's rockets. 
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PAET IV. 



AETILLEEY EXERCISES. 

Part h*— Telling off the Detachments, 

1. lu the sei*vice and exercise of the various descriptions of ordnance, 
the same numbei*s, as far as possible, always perfoim the sanae duties ; 
the detachments being told off upon the same principle, viz., beginning 
with the lowest numbers^ and proceeding to the highest ; No. 1 always 
commanding. 

2. It is presumed that not less than six men will be posted to any 
description of ordnance. When the detachment consists of less than six 
men, the higher numbers are struck out and additional duties are 
imposed on those remaining. 

3. The detachment falls in, two deep, in close order. No. 1 tells 
them off from the right ; 2 being the right hand man of the rear itmk ; 
3 the right hand man of the front rank ; 4 the second man from the 
right of the rear ; 5 the roan in his front, and so on. The detachment 
is also told off into two sections. 

NAMES OF THE PRINCIPAL PARTS OF A FIELD GUN CARRIAGE. 



A Block, or Trail. 


G Felly. 


B Cheels, or Bi^ackets. 


H Spokes. 


C Axletree. 


I Nave. 


DOgee. 


J Tire, or Streak. 


£ Trunnion holes. 


K Rivets. 


F Wheel. 


L Tire, or Streak bolts. 


a Eye, or Capsquare bolts. 


n Locking chain. 


b Capsquares. 


Breast, or advancing chain. 


Axletree bands. 


p Trail handles. 


d Bracket bolts. 


q Handspike shoe. 


e Transom bolts. 


r Handspike pin. 


f Trunnion plates. 


s Handspike ring. 


g Portfire clipper. 


t Axletree arms. 


h Locking plate. 


u Dragwashers. 


i Trail plate bolt. 


V Nave hoops. 


k Trail plate. 


w Elevating screw. 


1 Trail plate eye. 


X Handles of elevating screw. 


m Chain eye bolt. 


y Elevating screw box. 



* Extracted firom " Maiotal of Abtilleby Exercises ;" the Parts and Sec- 
tions being similarly numbered. Many of the details are iK^fiesBa.TV^'j oTQ:\\\Kdk« 
being too laaag for the limlt&i size of " The Abtillvetsi's "NLxisra k\^ 'Kter 

Commander's words are printed in Small CA.TiXiLL&. 
Executive ditto Jtalics. 
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S, 2. Posts of the Detachment, 

1. In Action, and before the Word Load. — No. 1 at the point of the 
handspike. 2 and 3 outside the ^^heels; with howitzers rather in 
rear of the muzzle ; with guns in line with the front of the wheel. 
4 and 5 in line with the breech. 6 five yards in rear of the left wheel. 

7 in rear of the limber. 8 on left of 7. 9 four yai*ds in rear of the 
limber. The whole facing the gun. 

When in action the front is towards the muzzle ; when limbered up 
the front is towards the horses. 

2. In Order of March. — No. 1 on the off side of the wheel horses* 
heads. 2 and 3 in line with the muzzle ; 4 and 5 in line with the 
breech ; 6 and 7 in line with the axletree of the limber ; 8 and 9 in 
line with the splinter bar. The whole at the distance of one yard from 
the wheels. 

3. In Front. — ^In line ten yards in front of the leading horses ; 
1 on the right of the detachment. 

4. In Rear. — In line two yards in rear of the muzzle of the gun ; 

1 on the right of the detachment. 

5. Bight, or Left. — In line with the gun axletree, one yard to the 
right, or left of the wheel. 

6. Mounted. — Nos. 1 and 6 on the gun limber ; 1 on the right, 
6 on the left. 5 and 4 on the wa^on limber ; 5 on the right, 4 on 
the left. 3 and 2 on the front of the waggon body ; 3 on Uie right, 

2 on the left. 7 and 8 on the rear of the waggon body ; 7 on the right, 

8 on the left. 9 between 5 and 4. 

S, 3. Change of Position of Detachments, 

To form the Order of March from Detachment Front. — " Form 
THE ORDEB OF MARCH." Eight Face, double march, 2 and 3 open 
out. Each number halts when at his post; and they front by signal 
from 2, who faces about immediately he arrives at his station. 

2. From Detachment Rear, or Left^ or Right, — " Form the order 
OP MARCH." Left face, double march. When the detachments are in 
the rear, or on the right they proceed direct ; but when on the left 
they countermarch. Each number halts when at his post. 

3. Change from Front to Rear. — ^*' Detachments rear." Right 
face, double march. When the detachment deal's the gun. Rear turn, 
right turn, halt, front. 

4. From Rear to Front, — " Detachments front." Right face, 
double march, front turn, left turn, halt, front, 

5. From Rear to Right or Left. — "Detachments right,*' (or 
left). Right or left face. Double march, front turn. When in line 
with the axletree, Halt, 

6. — From the Order of March to form Detachments to the Rear, — 
** Detachments rear." Right about face. Double March, 2 and 
3 close to the centre, and wheel to their left. Nos. 1 give Bait, 
/ront, 

7. To the /'ron^.— .*• DETACH^EiSTa ^BO^^r BwXjU "NLw^iV, 
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8 and 9 close to the centre, and when two yards in front of the horses, 
wheel to the left. Nos. 1 give JTcUt, front. 
When No. 1 shifts his flank he moves along the front. 

iS'. 4. Detail of Duties in the Service of Ordnance with Detachments 

of Different Strengths, 

Six Men, — No. 1 commands and lays ; 2 sponges ; 3 loads ; 4 serves 
the vent ; 5 fires ; 6 serves ammunition. 

Seven Men, — ^No. 7 attends tiie limber and sores ammunition to 6, 
and occasionally changes with him. The other numbers as before. 

Eight Men, — No. 8 assists 7 and supplies 6 with ammunition, and 
occasionally relieves 2. The other nnmbei's as before. 

Nine Men, — No. 9 attends the ammunition waggon. The other 
numbers as before. 

Pabt It — S, 1. Mounting J and dismounting Field Ordnanee with the 
Materiais belonging to the Battery, 

1. The medium 12-pounder requires two gun detachments. 

2. The light 6-pounder, and the 12>pounder howitzer, are each 
mounted by their own detachments. This may also be done with the 
9-pounder and the 24-pounder howitzer; but one or two men in 
addition will greatly facilitate the operation. 

3. Nos. 2 and 3 attend to the capsquares and have charge of the 
muzzle and trunnions ; 4 and 5 attend the oascable and chock the 
wheels of the light guns ; 6 and 7 chock those of the heavy ; previous 
to raising the trail, 1 attends to the elevating screw. 

4. The carriages are mounted by their own detachments. With the 
medium 12-pounder, 9-pounder, and 24-ponnder howitzer, Nos. 2, 3, 
4, and 5 pass a handspike under one of the axletrees, and lift one side 
of the carriage at a time ; 6 and 7 put on the wheels. With the light 
6-pounder, and 12-pounder howitzer, 2 and 3 in fronts 4 and 5 in rear, 
hti the carriage at once, 6 and 7 each put on a wheel, 4 and 5 attend 
to the washers and linch pins in both cases. 

5. The limbers and waggons are mounted in the same way. The 
whole detachment assist in lifting the boxes; after which 2 and 4 
strap on the near boxes, 3 and 5 the off boxes of the limbers, 6 the 
front box, 7 the rear box of the waggon body. 

Part III. — S, 2. Exercise with Drag ropes, 

1. A light 6-pounder with its limber requires 20 men, 11 of whom 
are told off entirely for the drag ropes, the other men at the gun also 
assisting in manning them ; 9 is always in the shaft;s, and 8 at the 
pomt of the shaft (near side). A 9-pounder gun requires additional 
men, and a double set of drag ropes. 

2. The drag-rope men are numbered off from 10 upwaixls. The 
even numbere are with the left di-ag rope ; the odd >w\tU \iift tc\^\.. 
Nos. 19 and 20 book the drag ix)pes on to the splinter "bar. 

3. The gun being limbered up, the gun detacbmeuXB tqsccl ^<& 
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ropes next to the gun, the spai*e men in theii* front, and stretch the 
ropes taut. 

4. At the word " Action," whether to the fr(mty rear^ right j or Uft^ 
the drag ropes are at once quitted ; 19 and 20 unhook and coil them 
up, and the whole of the di-ag-rope men retire with the limber, fbrming 
in front of it two deep, as they were numbered off. In limbering up, 
the drag-rope men form the order of march, and hook on. 

5. The probable manoeuvres, with drag^ropes, being of the simplest 
nature, it is only necessary that the men should be taught how to take 
ground to the right or left, and reverse, foim to the front, &c. 

Part IV. — Equipment op a Battery. 

In equipping a battery for the maich the intrenching tools, camp 
equipage, &c., are packed as follows : — 

On Gun Limber, — ^Two carbines on the front of the boxes, barrels up. 

Two fitting ropes, on the footboaixi. 

One swingletree between the footboard and the splinter bar. 

One felling axe on the splinter bar, edge inwards. 

One billhook under the footboard. 

A spade or shovel on the side of the boxes, and fastened to the splinter 

bar. 
One grease tin on the frpnt of the axletree. 
One pickaxe under the axletree. 

One prolonge between the boxes, above the washer box. 
Two water buckets on the back of the axletree. 
Two corn sacks; two blankets folded (21 inches by 16), on the box lids, 

the blankets uppermost. 

(One claw hammer 
One wi-ench hammer J on the cheeks. 
One pair of pincers 

One set of priming irons on the side of the trail. 

One spare sponge, wadhook, and handspike, under the trail. 

Two camp kettles in rear of axletree. 

The whole of these stores, &c., are buckled on by Nos. 6 and 7. 

On Waggon Limber, — One picket line on the footboard. 
One lifting jack on the footboard. 
One grease tin on the front of the axleti'ee. 
Two corn sacks, two blankets folded, on the box lids. 
These stores are buckled on by Nos. 4 and 5. 

On Waggon Body, — Two tents, two bags of tent pins, two tent poles, 

and two picket posts on each sfde of the boxes. 
One maul, under off end of rear footboard. 
Spare horse-shoe box, under the front footboard. 
Grease magazine under near end of rear footboard. 
Four blankets on the box lids. 
One camp kettle on the I'ear of the axletvee. 
Tliese stoies are buckled on by Nos. 2, 'd, ^, wcA "^^ 
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Weight of Carriages, Ordnance, and Appointments. 





l2-Poander. 


9-Pounder. 


24-PDunder 
howitzer. 


12-Pounder 
howitzer. 


Light 
e-Pounder. 




oarriage, 
limber . 
Arma, in- 
idling tools, 

• • • 

nimitlon^ 


cwt.qr8.1b& 
39 2 15 

3 14 
3 3 17 


cwi.qr8jb6. 
33 1 23 

3 10 
3 3 20 


cwtqrsJbs. 
32 3 3 

2 25 
4 3 25 


cwtqrs.lbd. 
24 2 7 

2 23 
3 3 15 


cwt.qr8.1bt>. 
23 3 U 

3 2 
3 2 16 


i 


rotal . . 


44 1 18 


3» 25 


38 1 25 


29 17 


27 1 1 

18 2 26 

4 7 
10 2 8 




gp>n- limber 
1 body, in- 
iding spare 

ICC* • • • 

'C8» intrench- 
{tools, spare 
ne-Bhoes,&c. 
immution . 


19 1 14 

4 7 
U 3 26 


19 26 

4 7 
10 3 16 


17 25 

4 7 
12 5 


17 25 

4 7 
10 1 9 


• 


Total . . 


35 1 19 


34 21 


33 1 9 


31 2 13 


33 1 13 





9-poimder with 6 horses can, without distressing the horses, march about four 
I in an hoar and a half, eight miles in four hours, and sixteen miles in ten hours. 
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HEAVY GUN DRILL. 

Paet L — ELEMEjErrARY Instruction in moving Heavy 

Ordnance. 

Article III. — ^Tackles, and Pcjrchases. 

A simple tackle consists of one or more pulleys rove with a single 
rope. 

The rope is termed a " fall." The pulleys are called " blocks.*' 
The shell or frame contains the sheaves of the pulley, which tai*n on a 
pin. 

When a tackle is in use, one end of liie fall is made fiist ; the other 
is hauled upon. 

The fixed end is called the ** standing end of the fall." The other 
the " running end." 

Each sepai-ate part of the fall contained between two blocks, or 
between either extremity and a block, is called **& return of the &11." 

To overhaul a tackle is to separate the blocks. 

To fleet blocks is to bring them as close together as possible by 
hauling on the falL 

Wooden blocks are generally bound on the outside, in the direction 
of their length, with a grummet, which is called " the strap " of the 
block. 

If the strap be continued, so as to form a tall, at the end of the 
block which has no hook, the block is called a tail or jigger block ; and 
if a tackle have its moveable block so furnished, it is called a *' jigger 
tackle." 

Bothway*s patent blocks are now frequently used. They are iron 
strapped, ^e strapping passing inside the shell, and affording a better 
support to the pm, upon which the sheave tuins, than the ordinary 
blodc does. In consequence of the |Hn being better supported, it is of 
less diameter than in the ordinary block, and consequently ofioi-s less 
resistance to the turning of the sheave. These blocks are fitted with 
swivel-hooks. The iron strapping is retained in its place by means of 
the pin. 

It is essential in working blocks that the pin be well lubricated 
with oil. 

The following are the principal points to be attended to in the 
arrangement and use of tackles, viz. : 

(1) The condition, and consequent strength of the straps, hooks, 
and cordage. 

(2) That the fall is free from kinks and turns, and enters freely into 
the grooves of the sheaves. 

(3) The natuiie of the fastenings of every kind, which should be such 
as to insure perfect security if possible. 

(4) The proper stoppering of the fall, when riecesaar^, T^\^ \% 
effected b/ making fast the {all to somQ fixed object, at a i^oVoX. VoXfiarcofc- 
disUe between the runu'mg and standing ends. 
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(5) The prevention of accidents from the caielessness of the men in 
striking or treading upon the fall, especially when it is taut. 

(6) The position of the men, which should he such as to insure the 
greatest amount of safety to themselves, in the event of accident, con- 
sistent with the due perfoi-mance of their work. 

The most advantageous application of a man's power in hauling is in 
a slanting direction downwards, as the effect of his weight is added to 
that of his muscular exertion. 

It not unfrequently happens, when a weight is to be moved, that, 
from the nature of the ground, or other unavoidable circumstances, the 
men employed in the operation cannot apply their strength immediately 
in the direction in which it would be most effective. In such a case, a 
single pulley is made fast to a point in the direction in which it is 
intended that the weight shall be hauled upon. A rope is made fast to 
the weight, and passed i-ound the sheave of the pulley ; and the men 
then haul in any direction that may be most convenient. The fViction 
of the rope against the pulley diminishes the effective power in so small 
a degree, as to be of little or no consideration. 

A single block, so fixed, and for such a pui'pose, is called ** a leading 
block." 

A single fixed puUfty, when rove, is likewise called a whip. 

The following are the tackles commonly used in the service of 
artillery : — 

(1) "A whip," or single moveable pulley, which doubles the effect 
of the power. 

(2) " A gun tackle " increases the effect of the power threefold. It 
consists of two single blocks, one of which is moveable and the other 
fixed. The standing end of the fall is made fast to the moveable 
block. 

(3) "A luff tackle " increases the effect of the power fourfold, and 
consists of a double and single block, the double block being the move- 
able one. The standing end of the fall is made fast to the single 
block. 

(4) " A whip upon whip " increases the effect of the power fourfold. 
It consists of two moveable pulleys, one of which is applied to and acts 
upon the running end of the fall of the other. There is less friction in 
this combination than in a luff tackle, but it is not always convenient 
to apply it ; it is used in running back at drill. 

(5) "A gyn tackle ** increases the effect of the power five times. It 
consists of a double and tiiple block. The standing end of the fall is 
made fast to the double block, which is moveable^ For the heaviest 
guns two triple blocks are preferable, and a power of 6 is gained. The 
tackle is rove by Nos. 10 and 11. 

Other combinations of pulleys are occasionally used, the values of 
which depend upon their particular natures. The increase of effect 
produced by any particular simple tackle, is represented by the sum of 

all the returns of the fall which act immediately upon eveiy moveable 

block ID it. 
la a combination of ** tackles,'* wViere one «^e\& \\^Yi>iXi%rM«iMi%«^^ 
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of another, liie result of their combined action is found by multipl3ring 
together the values of the several simple tackles. 

A luff tackle applied to the end of a large rope rove through a single 
block is called a runner tackle. 

The increase of power attributed to the foregoing systems of pulleys 
is correct only upon the supposition that there is no friction of the 
ro^ against the sheaves and blocks. In practice, the friction is found 
to be very great; so great, indeed, that no more than two triple 
blocks can be used with effect in the same tackle. In many operations 
of artillery, however, friction is of great use, inasmuch as it enables a 
small force, acting at one end of a rope, to sustain a great weight acting 
at the other, if the precaution be taken to pass a few turns of the rope 
round a fixed object of suitable strength, as a tree, a picket, the axle of 
a windlass, &c., &c. The effect of friction increases, in proportion to 
the extent of surface over which it acts ; consequently, a greater num- 
b^ of turns must be taken round a small object than round one of 
Wr dimensions. 

ft is to' be borne in mind that the use of tackles, levers, and other 
mechanical contrivances, affords an increase of power, only at the 
expense of time. If one man, by means of a tackle, can raise a weight 
which it would require ten men to lift by sheer muscular strength, he 
will likewise occupy ten times as much time in the operation. In 
addition to the loss of time in the actual operation, that caused by the 
preparation and adjustment of the mechanical contrivance made use of, 
has also, in many cases, to be considered. 

A wheel purchase is formed by hooking a drag-rope to the tire of a 
wheel as near the ground as possible, carrying the running end up over 
the tire, and stretching it out so as to form a tangent to the wheel ; 
when the rope is hauled upon the carriage advances. The power 
gained is in proportion to the diameter of the wheel. 

The recruit must be taught how to reeve all the tackles named. 
The men stand in pairs, back to back, when reeving all simple tackles ; 
the blocks are to be in front of them, the tackle coiled in a convenient 
position near them on their right, or left, according as the reeving is 
from right to left, or left to right. 

Abticle IV. — Lever, and Handspike. 

The lever used in the ordinary operations of artillery is termed a 
handspike ; it is 6 feet long, and 3^ inches square at the point or 
large end. In the service of the heavier guns a 7 feet handspike is 
used. 

The greater the length of the lever the greater is its power. 

A man using a lever should always apply his strength as near the 
end of it as he can. 

When the weight to be moved is at one end, and the fulcrum, or 
body on which the lever is supported, is between both, t\vft \«\«t \% 
said to be ** of the Brstkind/* 

When tie falcrmn is at the end and the weight at &u Vuloroie^^A 
point, the lever is said tobe**oe ike second kind." 
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Althoagh the entire implement is called a lever, that pai*t of it 
which is between the powei' and the falcrum is more particulai'ly bo 
called. 

That pai*t which is between the weight and the fulcrum is called the 
** counter-lever," thus: — 

In running up a heavy gun on a standing carriage, the whole of the 
handspike constitutes the lever, and the part between the point and the 
axletree arm the counter-lever. 

Fukrums, 

Any piece of strong timber of suitable dimensions may serve for a 
fulcrum. The teim fulcrum means a support for a lever. 

Props, 

Pi-ops are used as temporary suppcurts for a waggon, carri^e, 
skid, &c. 

Slewing. 

To slew a gun, or moi*tar, strictly speaking, is to turn it on its axis 
without moving it from the spot on which it rests. This is called 
slewing the trunnions. 

If the piece to be slewed rests on skids, a handspike is placed close 
to it on each skid, bevel up, and on that side of it towai'ds which it is 
to be turned. This is called scotching, or chocking, and the handspikes 
are called ** chocking handspikes." 

Pinching, 

Pinching is the operation of moving a gun, or mortar, by small 
heaves of the handspike, without allowing it to turn on its axis. It is 
moved little by little, and mhs against the skid on which it rests. 

Cross Lifting, 

To cross lift a gun, or carriage, is to move it in a direction nearly at 
right angles to its axis. 

When one long lever is used, it is applied alternately under the 
breast and rear of the carriage, or muzzle and breech of the gun, as the 
case may be, by a sufficient number of men to bear down and heave, as 
in rowing. 

Parbuclcling, 

To parbuckle a gun is to roll it so as to cause it to move in either 

direction from the spot on which it rests. For this purpose, the gun 

must be placed on skids, and, if it is to be moved up or down a slope, 

two 4^Mnch ropes must be made fast to some suitable object on the 

upper paH ofihe slope, the ends carried under the chase and bi*eech of 

the gun respectively, round it and \x^ \]!aa dci^. If the running 

ends of these ropes are hauled \j^^n, Vht ^vixx Mft«a.^\ \l ^as«^ ^SSL, \\. 

descends. 
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If the ground is horizontal , handspikes only are necessary to move 
the gon. 

If the slope is not great, one rope will suffice to parbuckle a gun up 
with. In this case, it must be noiade fast to one of the trunnions, and 
passed as many times round the gun, in rear of and close to them, as 
may be convenient, the running end coming out as before over the gun 
and up the slope. In hauling the gun .up, the rope uncoils itself. The 
breech end of the gun, on account of its greater thickness, will always 
advance quicker than the muzzle. 

AsncLE V. — LiPTiNQ Jack. 

The lifting jack forms part of the equipment of every battery and 
battering tjrain. It may be applied to many of the purposes for which 
a long lever is used ; but it is commonly employed to raise the wheels 
of carriages from the ground when they are to be greased, or exchanged, 
and to ei^cate them from ruts and hole&. 

Tbe wheel opposite to that which is to be raised must be scotched. 

On soft ground a piece of plank must be placed under the foot of the 
jack, to prevent its sinking. 

The tooth and pinion, and screw jacks may be employed to move 
bodies horizontally, a few inches, provided a good support can be found 
for the foot of the stock. By the application of two jacks in opposite. 
directions, bodies may be brought together to be spliced, riveted, &c 

ABTICLB VI. — ^ROLLEBS. 

Rollers are solid cylindera of wood, used in mounting guns upon 
their carriages, in shifting them from carriage to carriage, and in 
moving them on the ground. Their dimensions vary according to the 
nature of the service for which they are intended. 

They can be used with advantage, only on a perfectly plane and hard 
sur&ce. 

When a gun is moved on rollers, they must be horizontal, or it will 
roll off them; and even when the rollers are horizontal, steadying 
handspikes should be applied, to guard still further against such an 
accident. 

Tlie rollers must be placed at right angles to the direction in which 
they are intended to move, projecting equally on each side of the axis 
of the gun, or other body, which they support. 

A gun laid upon rollers may be moved, either by hauling upon it 
with ropes, or by means of levers. 

AmncLE VII. — Crab Capstan, and Temporary Windlass. 

A crab capstan consists of a barrel (in shape a frustrum of a cone), 
and a framework of wood and iron by which the Liarrel is supported va. 
a vertical position with its base next the ground. It is ivxnAsVv^ >«VOjx 
two levere, called capstan bars, which are passed tbrougja iaoT\ic«a m 
tAe bead, and hy means of which the barrel may be turned a\)0\i\. oii\\» 
aus, Bjrmeans of the cmb capstan, a few men, acting al iVvft \)ai*, «si 
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move weights which would be far beyond their strength, if applied in 
the ordinary manner ; and it may, theretbre, be used with advantage 
in many situations, in which it may be either difficult to command 
labour, or desirable to economize it^ 

One end of a rope is made fast to the weight which is to be moved. 
The other end is passed two or three times round the lower part of the 
bairel, the loose end being kept above the turns, and stretched taut by 
the man who passed it round. As the barrel is turned, the rope winds 
round it, forces the turns up the barrel, and cleai*s itself. As fa»t as 
the running end comes olf the barrel, it is coiled by a man appointed 
to that dutv. 

The capstan when used, is secured by ropes to pickets, or other 
holdfasts on the opposite side of it to that on which the sti'ain acts 
upon it. 

If a crab capstan cannot be procured, the windlass of a gyn may be 
used as a substitute, the cheeks being laid on the ground and secured 
with pickets ; or a temporary capstan may foe rigged, by lashing four 
handspikes to the spokes and felloe of a limber wheel, which is turned 
upon the pintail of the dismounted limber. 

Part II. — Sebving, and Working Heavy Ordnance. 
Article I. 

A gun detachment consists of one non-commissioned officer and nine 
gunnel's. 

** Telling off.** The men fall in, on their private parade, two deep, 
the non-commissioned officer gives the word ** Tell off.** The men are 
told off as with field guns. 

The detachment is marched into the battery, and is halted in line, 
facing the parapet, and to the left rear of the gun which is to be 
worked. The detachment is now in the position of " Detachment 
rear,'* or that which it occupies when it comes into the battery as a 
relief, and whilst the relieved party is marching off. 

GENERAL DETAIL OP DUTIES FOR DETACHMENTS OF TEN MEN AT 

ALL HEAVT GUNS. 

No. 1 points, and commands. No. 3 loads, assists to ram 

No. 2 searches, sponges, rams home, elevates, uncaps fuze when 

home, elevates. in bore. 

No. 4 clears the vent, serves it. No. 5 serves No. 3 with pro- 
pricks cartridges, traverses. jectiles, wads, if necessary, and 
No. 6 supplies side arms to traverses, attends stop quoins 
No. 2, cleans spunge if necessary, with 8" and 10" howitzers, 
attends stool bed, elevating screw No. 7 serves No. 3, with car- 
and quoin in laying, has chaise of tridge, primes, and fires, 
water buckets, assists to load the 
S'inch, 10-inch, and 68-pr. guns, I 
and also hot shot, with all caWbves. 

The above numbers tuu VVft %>a:iv >x^. 



Elan ofa Gabbison cabrjage. 
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No. 8 assists to pMpare shells. No. 9 bores and fixes fuzes, 
and to suppljr^ gun with projectiles, assists to prepare and bring up 
and spare stores when necessary, projectiles. 
Brings up cartridges from maga- 
zine. 

No. 10 attends to the magazine, 
aerres out cartridges to No. 8, 
and performs the general duties of 
storeman. 

Besides the men told off as above some will be required to move 
powder barrels, rivet on bottoms, load shells, heat shot, &c. 

GENERAL LIST, A3XD PLACE OF STORES REQUIRED FOR SERVICE OF 

GUNS ON STANDING CARRIAGES. 

Side arms. 1 sponge. | To be placed on the right of the gun, clear of 
1 rammer. > the detachment when under cover. Heads 
1 wadhook.) of side arms uppennost, and below the crest 
of parapet. 

When in casemates, or blindages, or when 
there is no parapet, the side arms must be 
laid on the ground, parallel to the gun, heads 
to the rear, and supported to keep them off 
the gronnd. 
Handspikes. 5A Two on each side of the platform close to the edge 
pcnnta to the front./ of it, front handspikes, or those of No. 2, and 

No. 3, two feet in advance of those of No. 4 and 
No. 5. No. l*s handspike in rear of platform. 
Primliig irons for Garrison guns. Sets 1. In loop on right side of 
cnriage. 

Ootridse cases 2 / ^°® ** *^® ^^^ ^^^ ^ cartridge, the other at 
^**^^^ * * \ the magazine. 

Tnbe iKKiet, with strape. 1. { ^^*^°f. '°'^'' "™'*^ """^ '"^' 

Fm implements . . .In shell room. 
Scj ftr portable magazine . 1. 

How 4 Set. — One set for two guns, and 25 per cent, spare. 
T V ,.. „ / Hand. 1. 
^**™-\Hook. 1. 

Cylinders, wood, containing 6 long, and 6 short bits. 1. 
Instmotioiis, printed. 5. 
KejB, iron, fer fuze hole plugs. 2. 
Mallei. 1. 
Sections of fhzes. 5. 
Setter 1. 

Lanyard, with hook. 1. With No. 7. 
Hunmen^ c^fT. 1, Ditto, wrench, 1. With Ko. 10. 
Tmogeat Mcahf, wood. 1. Stop quoin. 1. WitYilSo. V, 
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Shot soiid^hoiiow. r",^:it;^Xh*'X^r/£!S; 

™' I gnimmet or garland. 

Wads, junk, or grummet { ^''tomed ^ *''*'*' '^"" ««*"*"« '^ 

Shells, filled in boxes.) "..t . u n j r i. 

Common. Shrapnel. r**^^ "^ *^'" "**'""' °^ ^^^ ^^^ **^ P*'**P**- 

Cartridges filled. In metal lined cases. 

Fuzes, Shrapnel \ , , • u n i, n 

^''^ } 111 boxes m shell room, one per shell. 

„ common. ) ' *^ 

One per common shell. 



In chai^ of No. 6. 



lb. 



1 
2 
2 
1 

6 

10 

1 

1 



In charge of No. 10. 



„ concussion. 

Tubes, friction. / '^^V^ H l^"" VrojeMes. In tube pocket, and 

( zmc cylmders m shell room. 

Portfires. 1 a n ^- j. 

Slowmatch. | ^ ^"^ proportion at magazme. 

Water bucket, 1. 
Grease box . 
Broom 
Shovel 
Spade 
Pick 

Sand bags . 
Spun yarn . 
Lanthom 

Powder horn filled with fine grain 
powder 

Spare screws for sights. 

VVrench for ditto. 

Shot gauge. 1. Jin charge of No. 1. 

Oil, machineiy. 

Tin oil feeder. 1. 

Some articles, such as spongeai rammers, lanyards, handspikes, must 
also be in excess, the spare stoi*es being in some place in or near the 
battery. If cartridges are not ready filled, there will be required at 
the magazine filling funnels, large 1 ; a set of weights and scales ; 
implements for opening casks ; wadmiltilts ; slippera ; needles ; worsted ; 
scissors. Also spare tangent scales ; dispart sights ; screws, and screw- 
drivei-s. 

The tangent scale and dispart sight are supposed to hare been 

pi-eviously fixed on the gun by competent men. The round, or hollow 

shot pilcni on its left, and close to the front of the ground platform, 

which has a slope of about ^, depending, however, on the nature of 

the gun, and the service for which it is intended. The axletree arms 

are greased. The gun is at the tail of the platform. The sarfiwe of 

the platform must be perfectly sniO(Ah, aiA lOoft A«s^^ti% ws«« 'wU 

oUed, 
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Abticle IL — ^Exercise op Guns on Travelling Carriages. 

Heavy guns require the following numbei* of men for their service 
in the field, viz. : 

Three Ncm-Commissioned OfBcei-s and thirty men, being necessary 
on the march for extricating the guns out of difficulties, — taking up 
positions, — flaying temporary platforms, — placing planks under wheels 
and trail to facilitate working the gun ; — and also for affording three 
I'eliefs when engaged in siege operations. 

In addition to the stores, implement*^, and side arms for the service 
of the gun, as before detailed, a heavy gun in the field requires men's 
harness and drag ropes, a lifting jack, a set of intrenching tools, and 
three planks of a foot wide, and ten or twelve feet long. There should 
be luff tackles, lashings, selvagees, levei*s, fulcinims, and props, for every 
gun, besides a 16-foot gyn complete, for every four. 

The side arms, handspikes, and planks are strapped on the cheeks ; 
the gyn, rollers, tackles, &c., are carried on a platform waggon. 

The planks are required for temporary platforms. 

Clerks Platform. 

This platform consists of — 

Two inclined planes 17 leet long, 12 inches wide, slope S°, 

One front transom 7' X 16" X 4" laid flush with sm-face of ground, 
to which the inclined planes are pivotted. 

Two sleepers, one 7' x 6" X 3", the other 8' x 6" X 3" ; these are 
laid flush with the ground. 

One trail plank, 10' X 16" X 4". This plank is placed on the 
ground, so that the trail of a siege carriage may rest on it. 

To shift a Oun from the Travelling to the Firing Holes, 

The wheels should, if possible, be on a level and scotched. 

Words of command. 
Shift the gun. 

Prepare to raise the breech. 
Bear down. Lower. 
Prepare to raise the muzzle. 
Lift, and heave. 

HAI.T. 

Bear down. 
Lower. 

The operation of shifting from Bring to travelling is the converse of 
this. 

AsTiGLBllI. — ^Exercise 'OF Guns on Dwarf, and Casemate 

Platforms. 

The general duties of the detachment are as before descnb^. 

Some additional stores are required, viz., two laff lac\s\fes, o\ia ^t^- 

venter rope; two track levers; two shod handspikes, and two scfi\55«&\ 

bat two common handspikes only are necessary. 



132 HOTSHOT. [part IV. 

At the command prepare for action, the different numbers brmg 
up the stores as before detailed, and in addition, No, 1 the preventer 
rope, he passes the eye under the rear transom of the carriage to No. 3, 
who bolts it to the fore axletree of the carriage ; No. 1 then takes two 
turns round the bollard ; Nos. 2 and 3 a truck lever each ; Nos. 4 and 5 
a shod lever each, and place them parallel to the platform on their 
respective sides ; also a set of luff tackle each ; no handspikes ; they 
hooic the fixed blocks to the eye-bolts in rear of the platform, coiling 
up the falls on the ground immediately underneath them. They also 
provide a scotch each. 

Article IV. — ^Hor Shot. 

With some few exceptions the duties are the same as those before 
described. 

No. 3 puts a dry wad over the cartridge, and then a damp one. 

No. 5 as usual supplies 3 with wads, fii*st a dry, and then a damp 
one. 

Nos. 8 and 9 bring up hot shot on a bearer, in the same manner as 
they brought up shells. 

The sponge must be frequently damped. 

The same stores are required as for the service of heavy guns with 
cold shot. Junk wads are indispensable, and those which are used wet 
should be of a low gauge. The shot also should be of a low gauge. 

Utensils required for Heating the Shot. 

One furnace or grate, with chimney in lengths. 

One moving tool. 

One scraper. 

One pair of tongs. 

One poker. 

One rake. 

One shovel. 

One stand on which to place the shot in order to scrape them. 

One shot bearer per gun. 

Two tubs full of water, to soak wads, cool tongs, &c. 

Tt£o or three water buckets. 

Fuel, Wood, or coals, or a mixture of coal and coke, according to 
circumstances. 

One gauge for shot. 

There should never be less than four men to attend the furnace, even 
when the shot and wood are close at hand, viz., one non-commissioned 
officer or steady man in charge, to see that the reddest shot are served 
out and replaced by cold ones, and to keep up such a fire as he may 
judge necessary. 

One man to light and attend the fire, and supply fresh fuel when 
required. 
Ooe to take out shot, lay them on l\ve sXasA, acwc^ >iJQft\a,«nd aflcr- 
wMxb place them on a bearer. 
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One to supply the farnace with cold shot, and to bring fuel. 
The shot should not be brought to a white heat, or they may lose 
shape, and jam in the bore. 

Loading, 

The cartridge, jths the service charge, must undergo the strictest 
examination, to see that there are no holes in it, lest in setting it home 
any grains should fall out. The gun should be slightly elevated. 

Thegtm is then run up, laid, and fired with as little delay as possible. 

This furnace will contain in three rows, alongside of each other, 
fifteen 32-pounder, or eighteen 24* pounder, or twenty>one 18-pounder 
shot. The shot must be gauged before heating. 

To heat the Furnace, 

To heat the furnace, it takes of coals half a bushel, of coke 2\ 
bushels, and shavings for lighting it. It should be allowed twenty 
minutes to light properly. The grate should be well cleared out before 
lighting. 

To heat the Shot, 

Fifteen 32-pounder shot being then put in are heated in from 40 to 
50 minutes. 

Order of using the Shot. 

The shot should be taken equally out of each row from the rear of 
the furnace, and replaced by cold ones from the front. If those which 
present themselves are not sufficiently hot, they must be returned at 
the fitmt. 

Aft;er the furnace has been thoroughly heated, it will supply a new 
batch of shot every thirty or forty minutes, depending on the draught 
and fuel. 

The furnace should be placed to leeward, and as near the battery as 
may be convenient, carefully selecting an open space, with as great a 
draught as can be found. The draught-hole should be to windward, 
and the furnace perfectly horizontal. Earth ought to be thrown up 
against the furnace so as to close all the sides except that to windwai'd. 

The Improved Shot Furnace. 

This furnace weighs about 30 cwt., and will contain 36 68-pr. shot. 
It is composed of four parts :— 

1. The ash-box, made of ■^" boiler plate. 

2. The furnace of J boiler plate (with an air channel round it), and 
lined with fire brick. 

3. The furnace hood, containing the sloping bars, entrances, and 
doors for the shot. 

4. The detached fan with wheel and pinion, worked by two haivdU?*, 

5. The height of the entire fuinace is 4 ft. 8 in. from \)ae ^\oma\^\ 
thei'e is no cbiinney. 

The abot famace of the service is in future to be ftlted ^ vOci «i ^wx. 
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Article V. — Molten Ibon. 

Shells of a peculiar coDstruction, loaded with fluid iron, are used 
against objects which it is wished to set on Are. 

The metal is poured in until it shows itself above the filling hole ; it 
then receives a few blows with a hammer to flatten it, so as to present 
no obstruction to the rolling of the shell, if necessary. The shell is 
then turned with the filling hole downwards, and a wood bottom 
riveted on. For two or three minutes after filling, the shell maf be 
readily handled, provided the man is supplied with a pair of foonder^g 
gloves, pieces of s>tnd-bag, &c. After that time it gradually heats 
until it becomes dark red, when a shot-bearer is requisite to lift it into 
the gun. 

On striking the object the shell either aots. as an ordinary hot shot, 
or it breaks up, and scattera the iron. 

The former result happens when about ten minutes or a quarter 
of an hour elapse between filling and firing, the latter when there is an 
interval of from one to five or six minutes only. The degi'ee of fluidity 
of the metal, and its dispersion on striking, depend on the time it is 
allowed to remain in the shell. 

The metal is run down in a cupola, by means of a fan blast worked 
by hand ; the cupola is mounted on framing, supported on two 3' 9" 
wheels in front, and on two legs behind. Two ladders enable men to 
get on the top of the stage (forming a case for the faa) and chai'ge the 
turnace. 

With the cupola are furnished two ladles, two hangers, two tapping 
bars, two rakes, two clearing hoops, one clearing plate, one tapping 
hammer, and two small filling funnels. 

The iron used should be, if possible, in small masses, such as old 
shot or shell. 

Article VII. — Naval Slides. 

For the 68-pounder. (Four additional men are required, numbered 
„ 10-inch guns. ( 11, 12, 13, 14. 

" "^- . >• Two additional men, numbered 11, 12. 

6a cwt. ) ' 

These men are necessary in traversing; Nos. 11 and 12 coil up falls. 

Four sets of luff-tackle are required, brought up, when preparing 
for action, by Nos. 2, 3, 4^ 5; — Nos. 2 and 3 hook the moveable 
blocks of the running- up tackles to the eye-bolts, outside the cheek in 
front ; — Nos. 4 and 5 to the eyes on the levers at the rear chocks ; — 
Nos. 4 and 5 hook the moveable blocks of the travei*sing tackles to the 
eye-bolts at the rear of the slide; — Nos. 11 and 12 hook the standing 
blocks to the eye-bolts or bollards at the sides. 

The loading is as before detailed. 

Bunning-up when the Compressors are not used, 

Nos. 2, 3, 4, 5, 6, 7, 11, 12, 13, 14 rcvMi Mltvft tmmAsv^-mij falls, and 
iaul taut. At the word ** Hcaxe" t^ie^ ^vn^ «k VeaxV^ \«j«^» vtA. 
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allow the carriage to run down the slide; No. 1 gives the word 
** Hait," just before the carriage is up, when the numbeis on the fall 
let go. 

When the ocmipressors are used, the running up is by jerks. Kos. 4 
and 5 tighten them when the gun is up. . 

No. 7 piimes directly the elevation is obtained. 

Traversing, 

Nos. 2, 3, 4, and 5 witii handspikes as before; 11, 12, 13, 14 man 
the traversing Mis on their own sides, and haul taut, waiting for 
directions from No. 1, who, having got his elevation in the usual 
manner, stands in rear of the slide, looking over the gun. At *' Trail 
right/* the even numbers haul, the odd numbers ease off. At " Trail 
l^t" the odd haul and the even ease off, the handspike man heaving : 
No. 1 gives the word " Fire'' when he covers his object. 

In running the gun back at drill, No. 1 engages a truck lever in the 
eye-bolt in rear of the chock. Nos. 4 and 5 unhook the moveable 
traversing blocks, overhaul the running-up tackles, and hook them into 
the rear eye-bolts in the slide ; — all the numbers but 1 man the fall ; 
he bears down on the lever. ** ffedve away," " Halt" Nos. 4 and 5 
unhook blocks, and hook them to levers on rear chock. 

Abticle VIII. — Guns, or Carronades on Depressing 

Cauriages. 

When, after being fired, the piece is to. be loaded, it must be brought 
to such a position Uiat the sponge may be clear of the ground, or sill 
of the embrasure. Short pieces are best suited for firing at great de- 
pression, as they are easily managed and quickly loaded. 

Abticle IX. — Exercise of Ten, and Eight-inch Howitzers. 

The loading, pointing, and firing is as before described, except that 
No. 2, after sponging, reverses the sponge, as with field guns, and rams 
home. Should reduced charges be used, as in ricochet firing, they 
most be either lengthened with wads, or rammed home separately, 
and the same rule applies with all shell guns. 

Article X. — Exercise of Mortars on Standing Beds, and 

Ground Platforms. 

The detachment files on to the mortar from the rear, as with guns 
firing over a low parapet. 2 and 3 halt in line with the muzzle; 
4 and 5 the trunnions ; 6 and 7 the rear of tiie bed. The front num- 
bers two feet fix)m the mortar bed, the remaining numbers uncovering 
outwards. 

13, and 10-inch mortars. 
1 N. C, o^cei' and 9 men. 
1, points, and commands. 
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3, plants pointing rods ; puts in 2, sponges ; assists to pat in 

cartridge ; assists to put in shell ; shell ; runs up, traverses, 
runs up, traverses, 

6, runs up, travei^ses. 4, serves the rent ; runs up, 

and traverses. 

7, supplies 3 with cartridges ; 6, hands the sponge to 2 ; assists 
assists at his handspike, and fires, at his handspike ; wipes shell. 

9, assists to prepare and bring 8, supplies cartridges from the 
up shells, and puts them in. magazine ; assists to prepare and 

bring up shells, and puts them 
in. 
10, at the magazine. 

With 8 -inch mortars, 7 men only are requii'ed. 

No. 1 points ; commands ; hands sponge to No. 2. 

3, runs up, traverses, provides 2, sponges ; traverses ; runs 
cartridges, and puts them in ; up ; wipes shell, 
plants pointing rods. 

5, assists 6 to prepare shells ; 4, serves the vent ; runs up, 
fires ; runs up ; and traverses. and traverses. 

6, prepares shells ; brings them 7, at the magazine, 
up ; and puts them in. 

With the smaller mortars, 5} and 4|-inch, 3 men are sufficient. 

The shells ought always to be deposited behind travei-ses raised for 
the pui-pose, or in other sheltered places, and one or two men, accord- 
ing to circumstances, should be appointed to scrape and clean them 
inside and out, and prepare them for the powder and fuzes. 

Fuze for 13, 10, and 8-mcA Mortar Shells, 

The fuze for mortar sheUs has a spiral row of holes, the centres 
of which ai'e *2 of an inch apart in the direction of the axis of the 
fuze. 

Directions for preparing the fuze for any particular range. 

Hold the fuze firmly in the left hand, insert the point of the bit into 
the required hole, place the head of the brace against the body, 
and turn with the right hand until the stop comes in contact with the 
wood. 

N.B. — The wood bottom of the fuze must on no account be cut off, 
as it supports the composition, and prevents its being disarmnged by 
the shock at the discharge. 

Note. — The 13, and 10-inch shells at present in store have larger 
fuze holes than those which will be hereafter cast. Fuzes on a similar 
principle, but larger in diameter, will be supplied with these shells. 
The fuze holes o£ the old sheWs beVn^ kve^W \iv size and shape, 
the fuze mast be rasped if necessary. 
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The following stores are required for the service of mortars. 

One sponge to be placed on the right of the mortar, the sponge 
head to the front, and supported to keep it free from gravel. 

One scraper for two mortars. 

One cartridge case, for bringing up the cartridge. 

One beam hook, for 13-inch, One pair of hand Jiooks, for 10-inch. 

One piece of cord, for 8-inch. 

Four handspikes, for 13, 10, and 8-inch. Two on each side of the 
platform, as directed for guns. 

TSjdo pointing rods, or pickets. If for masonry parapet, set on 
a 2-indi plank, 4' long. 

One plummet with silk line, in charge of No. 1. 

A piece of sheepskin, or an empty sand hag for wiping the bottom of 
the shell ; to be placed on the right of the sponge. 

One quadrant, ] 

One perpendicular, [for eveiy four or five mortars. 

One fuze engine, J 

One tube pocket, and friction tubes. 

One lanyard with hook, for friction tubes. 

One set of priming irons. 

One fiBing funnel. 

One set of fuze implements. No. 7, for eveiy two mortars, and 25 
per cent, spare. 

The set consists of, — Brace, 1 ; cylinders containing 6 bits, 2 ; 
Instructions, printed, 5 ; mallet, 1 ; sections of fuze, 5 ; setter, 1 ; 
wi'ench for removing fuze-hole plug, 1. 

Chalk prepared, and piece of fine cord for striking a line. 

Sliells, of the calibre of the mortar, and also 4| inch for volleys in 
boxes. 

Pound shot, m boxes. Bottoms for ditto. 

Lanthom, Fuzes, Mortar, 

1 %orench hammer. Carcasses, 

^'^■^- {Suk 
Spare quoins for 15°, 75°, 

At the Magazine, 

One set of weights and scales. 
One set of powder measures. 
Cartridges empty, worsted lib.; Scissors ; Needles. 
Mortars are prepared for action on the same principle that guns are. 
No. 1 commands, and regulates the charge of powder and length 
of fuze. 

Laying Mortars, 

Mortars are usually fired fix)m behind parapets, theVi«\^\. o^ ^\v\<2cv 
prey^ts those in the interior of the battery from seeing \Xv^ Ock\«&\ 
tired at, unless ihey expose themselves. The mortar Va tYietfetoT^ \kA, 
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not directly at the object, but upon two pickets, called pointing rods^ 
which are placed in front of each mortar, and in the yertical plane, 
passing between the centre of the platform and the object to be strock. 

Carcasses, and Light Balls, 

When carcaisses, or light balls ai*e fired, the 13^ and 10-ineh are 
brought up in the same manner as shells ; the 8, 5|, and 4f-inch in the 
palms of the hands. Ko. 2 wipes the bottom of the carcass, mioovers 
the holes, and loosens the priming. 

Light balls, both ground and parachute, are fired with very reduced 
charges. 

Pound Shot, and Stones, 

When pound shot, or stones are used, thej are brought up in a box, ' 
or basket, to the front of the mortar in the same manner as shells. The 
number who brings up the cartridge, brings up a wooden bottom which 
3 places over the powder. Nos. 2 and 3 empty the shot into the 
mortar, and give the empty basket to 6. 

Directly the mortar is loaded, the word ^ ready** is given, and 
2 and 3 take two oblique paces outwards to the rear, so as to be clear 
of the explosion. 



Article XII. — Firing by Night. 

To insure as accurate a fii-e as possible during the night, the 
following expedients have been adopted :^ 

The gun having been properly laid during the day, a bead or piece 
of timber of a proper scantling is nailed or screwed to the platform, 
inside the felloe of each wheel, and parallel to the object line, and two 
shorter pieces are fastened in like manner outside of the cheeks of the 
(»rriage at the trail. 

By a proper application of the scotches, traversing platfoims can be 
made available for night firing. 

Or the platform and the caiTiage should be chalked, and when the 
gun is run up, these chalk marks should be made to correspond. 
A lantern, in this case, is always required. 

The elevating screw must also be clamped, or the quoins lashed. 

For Mortars. 

After the mortar has been accurately laid, a plank, thin enough to 
go under the running-up bolts without touching them, is placed 
against the outside of one of the cheeks of the bed, and nailed or 
screwed to the platform, and the mortar, after every round, run up to 

it. If a suitable piece of plank cannoi be procured, the pktform must 

be chalked close to the mortar bed. 
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Abticle XIII. — ^PiRiwa at Movnwj Objects, 

Supposing the Teasel to be 250 feet long, and a knot to be 2,028 
yards, she will run her own length in 12*3"; it will, therefore, be 
neoessary at 1,000 yards to aim aboat 20 yards in front of the spot it 
is intended that the shot should strike. 

With a 32-pr. 56 cwt. 10 lb. charge, it will be necessary to aim at 
the YesseFs bows if it is desired to hit her centre, when at a distance 
requiring 4° elevation ; and rather ahead of her at 6°. 

Part in. — Article I. — Sledges 

Are oonsiructed of beams 10 inches in depth, 6 inches in thickness, 
and 10 feet 3 inches in length, parallel to each other, and at the 
distance of 1 foot 5 inches apsurt, and connected by wooden ti'ansoms. 
They are easily put together, and hare been found of great service in 
ODflll ezpedjtioos, in which recourse has been had to the Nary for 
ships' guns to cany on operations on shore. 

If the ground be of a marshy or shingly nature, the under part of 
the sledge must be covoied with planks to prevent mud, stones, &c., 
from accumulating in front of the transoms ; and, if there be time, the 
under pai-t of the side pieces should be shod with iron, to prevent 
them wearmg away. 

There is a nan'ow description of sledge, which is made use of to 
move guns along sally ports and similar narrow passages, and up the 
ramps of fortifications. Guiding ropes are made fast to the rear of the 
sledge, and manned towards the rear, crossing each other, so that the 
mem haul upon that which is fixed to the side &rthest from them. 

Article III.— Sling Cart. 

This cart is used for moving heavy guns, not exceeding 65 cwt., on 
hardn level roads, and for 8-inch, and 10-inch mortars. 

The cart weighs 15 cwt. 

One non-commissioned officer and six men are required to work it. 
They are numbered as for gun drill. 

Articles required with the cart : — 

One sling, of six-inch white rope, two £ithoms long, with an eye 
splice at each end. 

One sling tie, 

One-4nch tarred rope, two feet long. 

One prypole, fitted with a prypole rope, 2 J inch, three fathoms. 

Two levers, six feet nine inches long, fitted with two lever ropes, 
two-inch tarred, two fathoms long. 

Ihco pawls. 

Tree common handspikes. 

One piece of short skidding, 4 J feet long, five or six. mdvea ««^"ax^. 

The same windlass is appiicabJe to either sUng wa^^otv^oT %\vci^ oaxX.. 

The detachment halts about three yards (the poslxiou qI detachrmAxti. 
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rear) in rear of, and facing the cart, which is suppose to be pro- 
vided with its stores, viz., the sliug on the windlass, the handspilces 
and levers J ashed to tlie prjpole. The gun to be slung is on a shoit 
skid. No. 1 gives the word " Form the order of exercise," " rigkt 
face— left wheel — quick march" The ranks open out ; the front rank 
covering the left wheel ; the rear rank the right. They are halted at 
one pace from them. 

General Detail of Duties, 
No. 1 attends to the pawls and commands. 
Left side» Right side, 
3 has charge of the left lever, 2 has charge of the right lever, 
and skids the gun, when neces- and skids t^e gun when neces- 
sary, sary, 

5 has charge of a handspike, 4 has charge of a handspike, 
assists 3 at the lever and skid- assists 2 at ^e leyor and skid- 
ding, and raises the weight when ding, and raises the weight whoi 
it is to be lashed. it is to be lashed. 

7 assists 3 at the lever, slings, 6 assists 2 at the lever, slings, 

and unslings the gun, and lashes and unslings the gun, and lashes 

it to the prypole. it to the prypole. 

If the cai-t is not horsed, and requires moving a short distance, 
6 and 7 hold up the shafts, the remaining numbers man the 
wheels, the even numbers being on the right, the odd numbers on the 
left. 

Words of command, 
Unlash. 

Slew the gun, raise the trunnion on the right. 
Halt, cast off. Back the cart. 
Fix sling to right of windlass. 
Overhaul, and sling gun. 
Heave in the slack. 
Work levers. 
Halt, out levers. 
Lash up the breech. 
Heave. Frap, and make fast. 
Lash levers and handspikes. 

Unslinging. 
In unslinging each number undoes what he has previously done. 

Words of command. 

Prepare to unsling. 

Levers take purchase to lower. 

Bear down. 
Ease off. 
Unsung. 
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The trwiiwms are Vetoed as before. 

In sliuging, should the gun not be on skids, it may be necessary to 
place a handspike in the bore, move the cart until the windlass is over 
the handspike, fix the sling, work the windlass until the gun is raised, 
and then place a skid or two handspikes under the gun, so as to give 
room for passing the sling underneath. 

SUnging 8-incA, and 10-tncA Mortars, 

A mortar is slung with the muzzle towards the rear. It is slewed 
like a gun. 

The sling b then pat on close to the trunnions. 

Unslinging a Mortar. 
See onslinging a gun. 

Slinging a Mortar Bed, 

The windlass for raising mortar beds is generally of a different con- 
sfamction from that of guns, being square in the middle, and cylindrical 
at each md. Both ends of the sling are put on the pins placed for 
that purpose on the square part of the windlass, which in this case 
bears the whole weight. If the ordinary windlass is used, one side of 
the bed must be first raised. 

The bed is slung with the front part towards the rear of the cart. 

If tibe bed be not on skids, the hind part must be raised eight or nine 
indies off the ground, and there propped with the quoin, to allow of 
the sling being passed under. 

Unslinging a 13-wicA Mortar Bedf 
Is just the reverse of slinging, each number undoing what he had 
previously done. 

Article V. — Sling Waggon. 

The sling waggon weighs about 29 cwt., and is employed for moving 
heavy ordnance, standing carriages, and traversing platforms. It re- 
quires a detachment of one non-commissioned officer and eight, men. 

The following articles are required with the waggon : 

One sling of six-inch white rope, 2^ fathoms long, and having an 
eye splice at each end. 

One sling tie of one-inch tarred rope, two feet long. 

One breech rope, or carriage sling, of 2^inch tan-ed rope, six 
fiithoms long. 

Two levers, six feet nine inches long, fitted with 

Two lever ropes, of two-inch tarred rope, 2} fitthoms each. 

Ttoo pawls, wood. 

Four common handspikes. 

Two pieces of skidding, about four feet long, and six or seven inches 
square. 

One pair of strong dragropes. 

One wrench hammer. 

The detacbmeat is numbered in the usual mannei, vodi \£2&!^ '^^m^. W 
exerdse as at the sling citrt. 
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General DetaU of Duties, 

No. 1 attends to the pawls, keys, and nnkeys keep cfaain, and oonmuuidB. 

Left side. Bight side. 

' 3 has charge of the left lever, 2 has charge of the right lerer, 

and skidding, scotches the wheels and skidding, scotches t£ie wheels 

in rear. in rear. 

5 has cliarge of a handspike, 4 haa charge of a handiipike, 
assists 3 at the lever, scotches the assists 2 at the lever, scotches the 
wheels in front, fixes the caiTiage wheels in front, fixes the carriage 
sling, if necessary. sling, if necessary. 

7 assists 3 at the lever, slings, 6 assists 2 at the lever, slings, 
and UDslings the gun, ladies the and nnslings the gun, lashes the 
hreech, handspikes, aud levers. breech, hindspikes, and lererB. 

9 assists in keying, and unkey- 8 keys, and unkeys the draught 
ing the draught chain, and fixing chain and fixes the breech rope, 
the breech rupe ; assists to lash^ and assists to lash the breech, 
the breech. 

The whole assist to limber up, and unlimber. 

To sling the Gun, and mount the Carriage, 
Position of the gun, and carriage. — The gnn is on skids, and its 
carriage on one side, with its breast nearly in line with the breedu 

Tlie gun is slewed as before, and the waggon is run over it (the even 
numbers on the right side, and the odd on the left) until the axletree is 
over the trunnions, and the perch over the breech. The handspikes, 
levers, and sling, as at the sling cart exercise. The windlass is sup- 
posed to be pawled with the wooden pawls. 

Words of command. 
Prepare to unlimber. 
Unlimber. Lower. 
Ron the waggon back. 
Prepare to turn the gun carriage over. 
Heave. 
Off trucks. 

Lift the rear of the carriage and place the lever. 
Mount the carriage. Heave, 
Work levers. 

High enough, out levers, off sling. 
Raise the rear of the carriage, out lever. 
Prepare to limber up. Limber up. 
Back the waggon. 
Scotch hind wheels. 
Put on trucks. 

Sling the gun, work levers, etc. 
Prepare to raise the breech. 
Raise the breech. Frap, and make fast. 
Place stoolbed* and quoin. 

LA8U up levers and HA11DBPTKE&. 

* With Btanei^ng caxi\Q^<&ft. 
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Dismounting the Gun, and Carriage. 

Place skids, unlash, and scotch thb wheels. 

Unlash the bbeech. 

Xeyebs take purchase to lower. 

Bear down. Ease off. Unslino. 

Prepare to xtnldiber. Unlimber. Dismount carriage. 

Turn the carriage over. Limber up. 

Slinging Jlowitzers. 
A howitzer is slung in the same manner as a gun. 

Slinging Mortars. 

A 13-inch mortar, and its bed, require each a waggon ; bat a 10, or 
an 8-inch mortar can be conveyed on its bed by one waggon. 

A 13-inch mortar, lying on skids, is slewed like a gan, the sling 
being passed round close to both trunnions, and a piece of short skidding 
pat into the muzzle, by which to lash it to the perch. The muzzle is 
lais^, and secured in the same manner as the breech of a gun. 

Slinging a 13-4nch Mortar Bed. 

The mortar bed is traversed, and the wa^on backed over it, in such 
a manner that the front of the bed may be next the shafts. The front 
of the bed is raised, and the bed slung as at the sling cart ; 6 and 7 
pasaing the ends of their ropes round the running-up bolts and over the 
perch, where they are doable manned by 8 and 9 ; 2, 3, 4, 5 heaving 
up with handspikes. The bed is then raised till the under side is hori- 
zontal ; after which a second turn is taken round the running-up bolts. 
The whole is then frapped, and made fast with a reef knot. 

Slinging a 10, or S-inch Mortar, and Bed. 

TeOy or S-inch mortars are not dismounted for flinging. Their 
quoins are taken out, and the mortar is laid on the front transom, with 
its muzzle to the front. All the other parts of the operation are the 
same as detailed in the preceding paragraph, except that the (ding, in 
order that it may be under the centre of gravity of the load, must be 
passed imder the bed, about two inches in front of the centre of the 
trmmions. 

Slinging a Traversing Platform. 

The platform must be on skids, bottom upwards. The sling is 
passed round it so as to leave the centre of gravity just under the 
axletree. 

Article VII. — Triangle Gyns. 

There are two patterns, the 18 feet, and the 16 feet. The former 
are for general service ; the latter are applicable otviy \x) ma>a»\Au^ ^gQS& 
ott tmrelling^, or staDding carriages, platform waggons, &ft., wA ^.'W^ ^"^ 
them are required with all gnus heavier than 56 cvit. 
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The rear of the gyn is the part where the windlass is fixed. The 
front of the gyn is the prypole. 

One non-commissioned officer and 12 men can raise, work, and carry 
either pattern very short distances, bnt generally they should be placed 
in a hand cart. 

The detachment is halted in line £icing the rear of the gyn, or the 
windlass. Take post on the oyn, right-face, left wheel, 
QUICK-MARCH. The ranks open out, the front rank covering the left 
cheek ; the rear rank, the right. They are halted at one pace from the 
cheeks. 

Stores required for the Service of the Oyns, 

One &11, 3}-inch white rope, 96 feet long ; but only 72 feet for the 
small gyn. 

The windlass is similar to that already described for the sling waggon, 
and sling cart. 

Three handspikes, . 

lico levers and lever ropes. 

One triple block. 

One double block, or 2 triple blocks, with 68-pr. and 10" guns. 

One sling, of 6-inch white rope, of a length to suit the dimen- 
sion of the gun, or other object which is to be slung. 

One single lashing rope, 2 J-inch, for slinging mortars. 

One piece of spunyam, three-sti-anded, IJ fathom long, for 
seizins: the clinch of the fiJl. i!{ 

One piece of spunyam, one fathom long, for seizing the $« 
stopper. \ M 

One fid, for slinging the gun ; or, — / ^ 

One short piece of skidding, for the same pui-pose, for slinging m 
mortars, and howitzers. 

One hammer, and one wrench hammer. 

Three trucks, or small pieces of board, four inches thick, with 
a hole in the centre of each, to receive the spikes of the feet of the 
gyn on soft ground. Handspikes laid upon the ground, and on 
each side of the spikes, will answer this purpose. 

One pair of dragropes. 

One spade, and pick, / 

The gyn should be placed, if possible, on level ground. 

General Duties of the Men, 
No 1 commands. 
Left Side, Right Side, 

3 has charge of the left lever, 2 has charge of the right lever, 
keys, and unkeys the lefl cap- keys, and unkeys the right cap- 
square, runs the carriage up, or square, runs the carriage up, or 
back. back. 

5 assists 3 at the lever, runs the 4 assists 2 at the lever, runs the 
carriage up, or back. c&xna^<& w.^, oi \>««^» 
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7 assists 6 to pass the fall round 6 passes the £a\\ round wind- 

the windlass, holds on next to lass, holds on the fall and makes 

him. it &st, eases off the fall, and lowers 

the gun. 

9 holds on the fall behind 7, and 8 holds on the fall behind 6. 
coils it up. 

11 reeves, and unreeves the 10 reeves, and unreeves the 

trvpie h\ockf if necessary, assists in double block, if necessaiy, assists 

slinging the gun, and steadies it on in slinging the gun, and steadies it 

his own side. on his own side. 

13 assists to work levers. 12 assists to work levers. 

The whole of the numbers assist to cany the gyn and put it 
together. 

*PUT THE GYN TOOETHEB. 

Place the windlass. 

The tackle is brought close to the gyn ; the running end of the &11 
coiled on the lefl. 

2. Raising the Oyn, 

♦Prkpare to raise the gyn. 
Hook the tackle. 
Raise THE GYN. 
Halt. 

3. Placing the Gyn. 

♦Prepare to place the gyn. 

Lift the cheeks in, out, to the right, or to the left. 

Article VIII. — Gibraltar Gyn. 

The Gibraltar gyn may be used for mounting and dismounting 
ordnance on and from standing carriages in situations where s triangle 
gyn could not be conveniently used. It weighs lOf cwt., and can 
support 3 tons with safety. 

The following stores are required for the service of the gyn : — 

OnefcUl, of 3|-inch white rope, eight fathoms long. 

Two lashings for slinging the gun, of 2|-inch tarred rope, each twenty 
feet long. 

One stopper, aboat 5| feet long, of 2}-inch tan'ed rope, more than 
one-half plaited as a gasket. 

One iron triple block, with brass sheaves, to which is attached a bar 
of iron 2} feet long for suspending the gun, its ends turned up to pre- 
vent the slings slipping off. 

Four handspikes. 

Two dragropes. 

One non-commissioned officer and six men are allowed for working 
the gyn. 

The gyn is moved by means of dn^ropes hooked to t\i^ sVsc^W ^l 

* Words of eommand, Capitais. 
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the front or rear axletrees bj Nos. 6 and 7. It can be drawn diort 
distances over hard lerel ground by the working detachment of six 
men. 

The rear of the gyn is the part where the windlass is fixed. 

The detachment is formed a few paces in rear of the gyn. ** Take 

POST FOR EXERCISE — To THE RIGHT FACE — QUICK MARCH.** — ^The 

detachment wheels to the lefb, and the ranks open out. Nos. 2 and 3 
halt one pace in rear of their respecUve axletree aims. The whole one 
pace from each other and corering. 

General Duties of the Detachment, 

No. 1 commands. 
Zeft Side. Right Side, 

3 runs the carriage up, or back, 2 runs the carriage up, or back, 
heaves round the windla^, assists heaves round the windlan, assists 
7 to sling the gun. 6 to sling the gun. 

5 runs the carriage up, or back, 4 runs the carriage up, or back, 
assists to hold on the fall, stoppers, holds on the fall, makes it fast, and 
and unstoppers it. lowers the gun. 

7 reeves the tackle, slings, and 6 reeves the tackle, if necessary, 
unslings the gun at the chase, and slings, and unslings the gun near 
steadies it. the first reinforce, steadies the gun, 

and overhauls the tackle. 

Words of Command. 

Prepare to place the gyn. 

Place the gyn. 

Reeve the tackle. 

Prepare to sling the piece. 

Sling the piece. 

Haul in the slack. 

Heave round the windlass. 

Halt, stopper the fall. 

Shift the fall. 

Halt. 

The carriage having been run under the piece, or away from it, as 
may be required, the piece is lowered and cast loose, each number 
reversing the operations which he performed in lashing and raiaing it. 

Part VI. — Article IV.— Sniams. 

I'he legs or spars for sheers ought to be from 30 to 40 feet in length, 

and from five to ten or twelve inches in diameter at their butt end, 

both of these dimensions depending on the natui'e of the opeitition to 

be performed ; the longer the spars are, the greater will be the heel 

obtained. 

Sheers erected on the sea beach must always be of a large size, and 

placed so far in the water that a boat TiWiK «i\«jct^ ^vjxl vsx vt can float 

under them. 
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Small sheen in such cases can only be used when the water is 
smooth. 

According to the natnre of the operation, sheers when raised may be 
perpendicoW, or they may be made to incline forward, or backwai-d. 

^ould they be employed to raise guns on the rampai-ts of a fortifica- 
tion, they must, if possible, have such an inclination forwards as that, 
when tlie gmi is being raised, it may not rub against the escarp. 

The greater the inclination of the sheers, the greater will be the 
strain on the guy which supports the top, and a preventer guy as a 
precautionary measure may be sometimes advisable. 

By removing its prypole, the gyn can be used as sheers ; but in this 
case a piece of wood, about five or six inches long, similar in every 
respect to the top of the prypole, must be placed in the collar or shackle, 
and the bolt passed through it and the cheeks. 

Abticle VI. — ^To Land Heavy Guns dismounted, from Boats 
OR Rafts bt Parbucklinq ; and also to embark them. 

In the embarkation, or disembarkation of heavy guns dismounted, in 
or from boats or ri^ by means of skids, the greatest attention must be 
paid, that the ends of the skids do not rest on the gunwale, but at a 
proper distance within the boat ; by which means the bearing will be 
thrown so much inwards, that, when the weight of the gun acts on the 
boat, the latter will not heel too much, and thus the gunwale will not 
be forced under water, or the boat greatly strained. 

In embarking a gun, the boat must be kept at such a distance from 
the shore, that it do not touch the ground when the gun is on board, or 
that it just barely touch the ground. In disembarking, the boat ought 
to be brought as close to the shore as possible. 

The above observations only apply to smooth water. 

Where there is a swell, parbuckling is not to be attempted, and re* 
course must be had to shears. 

The gun may be parbuckled, or embaiked : 

Is*. From a place considerably higher thxm a boat or raft, 

2nd. From a place on the same level ; these two are the most advan- 
tageous cases, for the gun descends one inclined plane only; or, 

3rd, From a place which is hvoer, as the sea beach. 

In the first case, the skids may be made to bear on the bottom of 
the boat, and the gun placed there by removing one or two of the 
thwarts; dunnage, however, will be required, consisting, of some 
three-inch or other planks placed fore and aft, on which two pieces of 
short skidding are to be laid for the gun to rest on ; the ends of the 
parbtM^ing skids should rest on the dunnage, and immediately over a 
rib. 

A nh has the advantt^ over a boat, in that its upper surface is 
quite flush, whereas the gunwale of the boat is higher than the igaxt oC 
it on which the gtm is to rest, and consequently, as Vn \^e ^xdi cas^^V^^ 
gaalms Sntto motmt on the skids on one side, and. ^esceiA qki>Oq.<& 
sUdif CB the ctber side, and two sets of paibuckles are xec^\te)\\ \tA<«^ 
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they are necessary when there is a current or a gentle sorf^ which may 
cause the boat to rise, and fall. 

In embarking, the boat parbuckles are for parbuckling the gun up 
the embarking skids, and the shore ones for checking it, or easing it 
from the skids to its place on the thwarts. 

In disembarking, the shore parbuckles are for parbuckling the gun 
from the boat to the disembarking skids ; the gim is checked bj the 
boat parbuckles. 

The boat ends of the embarking skids must be higher than, and not 
touch the gunwale ; they are to be placed direc£ly over the thwarts, 
and to rest on planks or pieces of timber laid over the thwarts ; or, 
when local circumstances admit of it, on the thwarts themselves, to 
which they ought to be lashed, and which must be propped in the 
middle, as the gun is in general to rest on them. 

The boat must be kept steady and close to the shore by four ropes at 
the head and stem, secured to posts or anchors. 

The carriage is embarked after the gun, being made to slide along 
the skids. If a standing carriage, the skids must be brought closer 
together. If a travelling one, it may be pushed along side foremost ; 
or, if breast foremost, each axletree-arm must rest on a skid, and a 
short plank or lever lashed across the cheeks of the trail, the ends rest- 
ing on the skids. 

The following implements will in general be required : 

Eight handspikes. 

Two skids (bevelled at the ends), about 14 or 16 feet long, and 
sometimes more, according to circumstances ; they ought to have eye- 
bolts, or holes bored near their ends for the reception of bolts, so that 
a rope could be passed round them, and secured to the thwarts. 

Four short skids. 

Three or four planks^ or pieces of wood, as the case may require, to 
lay on the thwarts, on which the boat ends of the skids are to rest, and 
thus keep them clear of the gunwale. 

Four quoins or wedges^ to facilitate the ascent and descent of the 
gun on and from the skids. 

Five or six scotches. 

Four parbuckles, each twelve fathoms long. 

Ttco or more luflf tackles, according to circumstances. 

Four posts. Four selvagees. 

One maul. 

Two pieces of two-and^-half inch rope, each six fathoms, for head 
and stern ropes. 

Two skid lashings, two-and-a-half-inch rope, each thi-ee fathoms. 

Two iron bolts, about eighteen or twenty inches long, for the skids. 

Ttco small anchors, or one anchor and a grapnel. 

Two cables, three-inch rope, each ten fathoms ; and according to local 

circumstances, a greater or less number of these articles may be required. 

The number of men required for the o^ration must vary according 

to circumstances ; but, two non-C!omm\«»\oTi«dL q^c«c% «b,^ Coorteen 

men will be required to anaiigeey«7tiiitt%,«»^ 'mwifife \&!^aBs:K& i»k\ 
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embark and disembark the gun ; there must, however, be a sufficient 
number for palling and hauling; the men are divided into two parties, 
or one non-oommissioned officer and eight men for the shore duties, 
and one non-commissioned officer and six men for the duties in the 
boat or raft. 



ABTICLBVII. — ^TO LAND, AND EMBARK FlELD GUNS MOUNTED, 

FROM, AND IN BOATS. 

This is a most essential operation, and the field artillery attached to 
the division of troops which is first to land, or last to embark, should 
always be landed in the mode hereafter stated. 

Any boat, if lai^e enough, can be fitted for this purpose ; paddle-box 
boats answer extremely weU. 

The limber mast always accompany the gun, by which means the 
latter travels with greater facility, and the ammunition is more easily 
JMid Gonveniently carried. 

Arrai^ments should be made so as to allow of the gun being fired 
when in the boat ; a handspike being lashed under and across the trail. 
If neoessary, the limber may be taken to pieces and stowed away in the 
boaty care being taken that the different parts of it bear on the flooring, 
and that they do not touch the planking. 

The boats are fitted by means of two planks, laid from the bow to 
the stem, parallel to and at a distance from each other corresponding 
to the span of the wheels ; each is furnished with a longitudinal bat- 
ten, to prevent the wheel from slipping off. 

The following implements are required for this operation : 

TuDO embarking skids or railway planks, twelve or fourteen feet long. 

Tujo short raUway planks, to keep up the communication between 
the embarking skids and the railway planks in the boat. 

One how beam or broad piece of timber for laying across on the gun- 
wale of the boat, a little within the bow to support the ends of the 
embarking skids. 

U^ht lashings of two-inch rope with eyesplices; four of which are 
three fathoms long for securing the short rails to the bow beam, and 
the other four, one-and-a-half fathoms long, for securing the long rails 
to tiie belaying cleats on the bow beam. 
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PAET V. 

FIELD ARTILLERY EXERCISES. 

•Part III. — Parade, and Inspection. 

TELLINa OPF, AND PROVING. 

*6. The batteiy, limbered up, is told off by subMliyisioQs, divisions, 
and half-batteries. 

One gun and its waggon constitute a sub •division. 
Two sub-divisions „ „ a division. 

Three sub-divisions „ „ a half-battery. 

It is numbered from right to left by sub-divisions. It is then told off 
into 3 divisions. No. 1 the right; No. 2 the centre; No. 3 the left^ 
Sub-divisions Nos. 1, 3, and 5 are also distinguished as right sub-divi- 
sions of divisions, and Nos. 2, 4, and 6, left; the two centre sub-divi- 
sions are also to be named. It is also told off into half-batteries, and 
these are distinguished by right, centre, and left sub-divisions of half- 
batteries. The gun of direction should always be named, generally the 
right centre gun. 

7. The battery is then proved by naming a sub-division, division, 
half-battery, or any individual number of the gun detachment. At the 
word Prove every man of the named sub-division raises the right arm 
as high as the shoulder, and extends it to the front, keeping it up until 
another part is ordered to prove. 

8. Spare Carriages, when with the battery, foi-m a third, and if 
necessary a fourth line in the rear, carriages covering their own sub- 
divisions. 

S, 2. Posts^ and Duties of Officers at Exercise, 

First Captain, 

In line, limbered up. — Half a horse's length in front of the centre of 
the battery. 

In column of batteries. — One horse's length in front and three on 
pivot flank. 

In column of sub-divisions, divisions, or half-hatteries, — Three horses' 
lengths on pivot flank of centre of battery. 

Second Captain. 

In line, limbered up. — One horse's length in rear of the centre. 
In open column of batteries, — As in line. 

* JVote.—In consequence of the limited size of ' The ABTnLLERiST's Manual, 
&c,' only brirfextnatA have been taken Ixom 'HUlvxixi. oy ¥ii£U) Abtilubt 
1861.' 
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In close column of batteries, — One horse's length on reverse flank in 
line with the leaders. 

In coltann of svb-cUvisionSf divistons, or Juxlf-batteries, — Two horses' 
lengths from tiie centre on the reverse flank. 

In cohtmn of route, — In rear of carriages. 

In (iction, — He assists the captain in general superintendence. 

He dresses all points of formation, gives the woi-d Steady when they 
have been correctly taken up and the formation complete ; when 
required he commands a division. 

Subaltems, 

In line, limbered up. — ^Between their sub •divisions in line with the 
leaders of the guns. 

In column of subdivisions or route, — One horse's length on the 
pivot flanks of the centre of their divisions. 

In column of divisions, — Between their sub-divisions in line with the 
leaders of the guns. 

In column of half -batteries, — The subaltern of the centre division, 
if right in front, between 2 and 3 sub-divisions ; if left in front, between 
4 and 5 sub-divisions. The others continue as when in line. 

In close, or quarter intervals, — ^Half a horse's length in front of 
eeotre of their divisions. 

In acUon, — Between the guns of their divisions, a little in rear. 

In shifting from one position to the other, — it is always by the 
shortest way, and in a canter. 

Adjutant, 

In line, limbered up, — In centre of the brigade, in line with the 
leaders of the guns. 

In coftimn.---On reverse flank of leading batteiy. 

Part IV. — Prelihinabt Obsebyations. 

8, 1. ManoBuvres. 

1. Artillery, without being obliged to follow step by step the 
manoeuvres^of cavalry or infentry, proceeds to the execution of the 
orders it receives in the easiest and most expeditious manner. It 
dioold, however, remain in rear of any intended alignment until the 
other troops are finally formed, unless ordei^ed to the front to cover the 
formation. 

2. It must be remembered that Artillery cannot be wheeled about 
on its own ground when acting with other troops ; sufficient interval 
should be allowed on each flank to enable the sub-divisions to wheel 
outwards if required. 

23. The following manoeuvres are for a battery of 6 guns and 6 
waggons, 6 horses to each carriage. 
The movements from column are from a columii t\^\. m ^yqtA.4 
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S. 2. Brigade Movements. — Preliminary Observations, 

1. Batteries are formed in line, at an interval from each other equal 
to an inteiTal and a half of a snb-diyision of a batteiy. 

9. All formations of line from column, or column from line, are 
made at full intervals unless otherwise ordered, without reference to 
whether the brigade was at full, or close intervals. 

27. The evolutions of several batteries acting together are on the 
same principles as those of one batteiy. 

29. The movements from column have all been laid down as from a 
column right in front ; if the column is left in front, thej will be 
performed by the opposite words of command* 



Extract from ** Field Exercise and Evolutions of Infantry, 

" POSITION OP AETILLERT. 

" Position of the Battery of Artillery when moving voith a Brigade, 

** The usual position of a battery of Artillery, when in line, is on the 
rights with an interval of 22^ yards, 28} yards, or 34} yards, accord- 
ing to the number of hoi-ses in the guns, whether four, six, or eight. 

" When the battalions are iu coutiguous quarter-distance columns, 
the battery will be on a dank, as ordered, at a distance equal to the 
depth of the strongest column in rear of the alignment, unless they are 
formed for inspection or review, in which case they will be dressed 
with the leaders' heads on the alignment. In echellon the battery 
will be on a flank. 

*' When squares are formed in echellon, and the battery is brought 
into action, the muzzles of the guns should be in line with the rear 
base of the rear square. 

" N.B. — A batteiy on all occasions to keep its full interval when 
possible. 

" It is the duty of the Commander of the Artillery to keep his bat- 
tery so well in hand that he may never interfere with deployments or 
other movements of the brigade ; and the Brigadier should impress on 
the Officers commanding regiments, that they should at all times give 
way to the guns when the latter have occasion to advance or retire 
through a line, by smartly wheeling back a section or company. 

** Should skirmishers be in front of the battery and be obliged to 
retire, they should only retire to the guns, and remain with them as 
long as they continue in action, retiring with them. 

** Should the battery be detiiched from the brigade, two companies at 
least should accompany it as an escort. 

"These remarks apply equally to Horse Artillery when working 
with cavalry,^ 
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Pakt v. — Section 1. Manceuvres op a Battery of 

Six Pieces. 

Battery in Line, 
No. 1. — To Advance. 



* Commanding Officer, 
(Repeated by Officers.) 



Officers. 



No8. 1. 



The Battery will advance — ^March. 

The pace is named bj the commanding officer, and repeated bj the 
officers before the word March is given. 

No. 2. — ^To Retire. 



Commanding Officer, 
(Repeated by Officers.) 



Right (or Left) reverse — March. 

No. 3. — To come into Action. 



Officers, 



N08,l, 



Commanding Officer, 
(Repeated by Officei-s and Nos. 1). 



Officers, 



Nos, 1. 



Action Front. 

No. 4. — ^To Diminish (or Increase) Intervals on the March. 



Commanding Officer, 
(Repeated by Officers.) 

{To diminish.) 
Half, or Quarter, or close Inter- 
vals on — Sab- division. 

{To increase,) 
Full Intervals on — Sub-division. 



Officers, 



Nos, 1. 

Right (or Left) In- 
cline — ^Trotr—For- 
ward — Walk (ex- 
cept No. 1 of the 
named Subdivi- 
sion.) 



The commanding officer names the sub-division on which the forma- 
tion is to be made. 



No. 5.— To TAKE Ground to a Flank. 



Commanding Officer. 
(Repeated by Officers.) 



Right (or Left) take Gronnd — March. 

No. 6. — To Incline on the March. 



Offficers, 



Nos. 1. 



Commanding Offker, 
(Repeated by Officers.) 



Offficers, 



Nos, 1, 



Right (or Left) Incline. 
To resume the original direction the word is " Forward,*' 



* Commaadlng OfSceiB' words are always repealed V>;f Ofaoestft. 
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No. 7.— To Form Column of Sub-divisions in Reab of a Flank. 



Commanding 

Officer, 
(Etepeated by 
OflScers.) 

Column of Sub- 
divisions in Rear 
of the Right- 
March. 

No. 8.— To Form 

Commanding 

Officer. 

(Repeated by 

Officers.) 

Column of Divi- 
sions in Rear 
of the Right>— 
March. 



Officers. 

Of Centre and 
Left Divi- 
sions — Right 
Revei-se — 
Half Left. 



No8, 1. 

Of 1— Waggon Right. 

Of 2— Right Reverse— Left Wheel 
— Left take Ground — ^Halt — 
Dress. 

Of 3, 4, 6, 6— Right Reverse- 
Half Left— Left— Left take 
Ground — Halt— Dress, 



Column op Divisions in Rear op a Flank. 



Officers, 

Of Centre Division — Right Reverse 
— Eyes Left — Left take Ground — 
Left take Ground — Halt — Di-ess. 

Of Left Division — Right Reverse — 
Eyes Left — Left Incline — ^Left 
Incline — Left take Ground — ^Halt 
— Dress. 



I^os, 1. 

Of 3, 4, 5, 
and 6 — 
Right Re- 
verse. 



The same principle applies to forming divisions in rear of the left, 
the markers to move out in that case being 1, 3, and 5. 

Column of half batteries in rear of the right is formed in the same 
manner, the words of command for the left half battery will be the 
same as detailed above for the centre division. 



No. 9. — To Form Column of Sub-divisions in Front of a Flank. 

Commanding Officers, Nos. 1. 

Officer, 

(Repeated by 

Officers.) 



Column of Sub- 
divisions in 
Front of the 
Left — March. 



Officers, 

Of Right and 
Centre Di- 



visions - 
Foi-ward 
— Half 
Left. 



No. 6 — Waggon right. 

Of 5 — Forward— Left Wheel- 
Right take Ground — Halt — Dress. 

Of 1, 2, 3, 4— Forward— Half Left 
— Left — Right take Ground — 
Halt — Dress. 



No. 10. — To Form Column of Divisions in Front op a Flank. 



Commanding 

Officer, 

(Repeated by 

Officers.) 



Form Column of 
Divisions in 
Front of the 
Left — March. 



Officers. 



Of Centre Division — Forward — Left 
take Ground — Waggons close In- 
terval — Right take Ground — 
Halt — Dress. 

Of Right Division — Forward — Left 
Incline — Left Incline — Waggons 
close Interval — Rvgjht take G round 
— ^Ha\t — ^Dveas. 



Nos, 1. 

Of 1, 2, 3, 
and 4 — 
Forward. 
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In forming colamn of half batteries in front of the left the words of 
command for the right half battery will be the same as above detailed 
for the centre division. 

No. 11. — ^To Form Column of Divisions on the Centre 

Division* 

This mancBuvre is a combination of the Nos. 8 and 10. 
No. 12. — ^To Change Front to the Rear bt a Countermarch. 



Commamdmg Officer, Officers, 

(Repeated by Officers.) 

Change Front to Rear — Guns Rights 
— ^Waggons Left take Ground — 
Mardi — Right Countermarch — 
Left, and Right take Gromid — 
Halt — ^Dress. 



Nos, 1. 



No. 13.— To Change Front to the Rear 

Officers, 



Commanding 

Officer. 

(Repeated by 

Officers.) 

Change Front 
to Rear on 
the Centre 
— March. 



Of Centre Division — Sub- 
divisions Inwards about Wheel 
— ^Halt — Dress. 

Of Right Division — Forward — 
Left Wheel— Left Wheel- 
Halt — Dress. 

Of Left Division — Forward — 
Right Wheel— Right Wheel- 
Halt — Dress. 



ON the Centre. 
Nos, 1. 



Of 1, 2, 5, and 6 
— Forward. 

Of 3 — Right 
Shoulders — For- 
ward. 

Of4— Left Should- 
ers — Forwaixi. 



No. 14. — ^To Change Front to the Rear when at Diminished 

Intervals (on the March). 



Officers, 



Nos, 1. 



Commanding Officer, 
(Repeated by Officers.) 

Change Front to the Rear on the 
Centre— Left Half Battery Halt 
— Half Batteries Inwards about 
Wheel— Forwai^. 

A battery at diminished intervals may also change front to the rear 
on the centre, and open out to full intervals in wheeling ; the word of 
command is,— 

Change Front to the Rear on the Centre, Fuia^ lurt^^Nkva^ 
ON No. — Left Half Battery Halt — Hai.¥ ^ATt^^KLiEis. 
IirwABDB About Wheel — ^Forward. 
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No. 15.— To Change Front to a Flank, Right Back. 



Commanding 

Officer, 

(Repeated by 

Officers.) 

ChangeFront, 
Right Back 
•^March. 



Officers, 



Of Right and 
Centre Divi- 
sions — Left 
Revei'se — 
Half Right. 



Nos. 1. 



Of 6— Left Wheel— Left about Wheel 
— Halt — Dress. 

Of 5— Left Reverse— Right Wheel- 
Right Reverse — Halt — Dress. 

Of 4, 3, 2, and 1— Left Reverse— Half 
Right— Right— Right Reverse— Halt 
—Dress. 



No. 16. — ^To Change Front to a Flank, Left Back. 



Nos. 1. 



Commanding 

Officer, 
(Repeated by 


Officers, 
Of Centre and 


Officers.) 


Left Divi- 




sions — 


Change Front, 
Left- 


Right Re- 
vei-se — ^Half 


Back— 


Left. 


March. 





Of 1— Right Wheel— Right about 
Wheel— Halt— Dress. 

Of 2— Right Reverse— Left Wheel- 
Left Reverse — Halt — Dress. 

Of 3, 4, 5, and 6— Right Reverse— Half 
Leflr— Leftr-Left Reverse— Halt- 
Dress. 



No. 17.— To Change Front to a Flank for Action. 



Commanding Officer. 
(Repeated by Officers.) 

Change Front, Right Back for Action- 
March (or) Change Front Left Back for 
Action — March. 



Officers, 



Nos. 1. 



No. 18. — To Change Front to a Flank Right (or Left) For- 
ward ON A Flank Sub-division. 



Commanding 

Offjicer. 

(Repeated by 

Officers.) 



Change Front 
to the Left 
— March, 



Officers, 



Of Right and 
Centre Di- 
visions For- 
ward — Sub- 
divisions 
Half Left. 



Nos. 1, 



Of 6— Right Wheel— Right about 

Wheel— Halt>— Dress. 
Of 4, 3, 2, and 1— Forward— Half 

Left— Leftr— Halt— Dress. 
0£ 5— V?otY[MA— Left Wheel— Halt 

— >Dx«fi&. 
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No. 19.— To Change Front on 



Commanding 

Officer. 
(Repeated by 
Officers.) 
Change Front 
to the Left 
on^ No, 
March. 



Officers, 

Of Right Divi- 
sion — Sub- 
divisions 
Half Left— 
Of Left Di- 
vision — 
Right Re- 
verse. 



A Central Sub-Division. 
Nos, 1. 



Of 1 and 2— Half Left— -Left— Halt 

— Dress. 
Of 3— Forward— Left Wheel— Halt 

— Dress. 
Of 4 — Right Wheel— Right about 

Wheel— Halt— Dress. 
Of 5 and 6 — Right Reverse — ^Left 

Wheel— Left Reverse— Halt — 

Dress. 

A battery may change its front half right, or half left, on the same 
principle as already detailed. The commanding officer's words would 
be Change Front, Half Right, (or Half Left) on — Subdivision. 

These manoeuvres can be executed on the same principle, by divisions, 
or half batteries. 

A battery can also change front on a moveable pivot by a simple wheel. 

No. 20. — Change of Position to a Flank. 



Commanding Officer, Officers. Nos. 1. 

(Repeated by Officers.) 

Change Position to the Right by the 
Oblique Echellon of Divisions — 
Mardi — Form Line. 

No. 21. — Change of Position by Throwing Back a Flank. 



Officers. 

Half Right- 
Right— Halt 
—Dress, 



Commanding Officer. 
(Repeated by Officers.) 



Officers, 



Left Reverse — Half 
Right— Right — 
Right Reverse — 
Hdt — ^Dress. 



Nos, 1. 



Of 1, 2, 3, 4, 5, 
and 6 — Left 
Reverse. 



Change Position Right Back, 
by the Oblique Echellon of 
Divisions — March — Form 
Line. 

Note, — Changes of position may be made half right in the same 
manner, the divisions forming oblique echellon by wheeling quarter 
right. To complete the wheel in forming line the word is Right. 
These movements may also be done by half batteries. 

No. 22. — To Advance from a Flank in Column of Sub- 
divisions. 

Officers, Nos, 1. 



Commanding Officer. 
(Repeated by Officers.) 

Advance from the Right in 
Column of Sub-divisions. 
— Marcb. 



Of Centre and 
Left Divisions 
— Right take 
Ground. 



Of 1 — Forward — 
Waggon Right. 
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No. 23. — To Advance from a 

Commanding Officers, 

Officer, 
(Repeated by 

Officei"8,) 



Advance firom 
the Right in 
Column of 
Divisions — 
March. 



Flank in Column of Divisios^s. 
Nos, 1. 



Of Right revision 
— Xorward — 
Eyes Left. 

Of Centre and 
Left Divisions 
— Right take 
Ground — Left 
take Ground. 



Of 1 — Forward. 

Of 2 — Forward — ^Wa^;on Kght 
— Waggon Rear. 

Of 3, 5, and 6— Right take 
Ground. 

Of 4— Right take Ground— Wag- 
gon Right — Waggon Rear. 



In advancing from the right in column of half batteries — the left 
half battery proceeds as detailed for the centre division. 



Commanding 

Officer. 
(Repeated by 

Officers.) 

Advance from 
the Left in 
Column of 
Divisions — 
March. 



Officers, 

Of Left Division 
— Forward — 
Eyes Right. 

Of Centre and 
Right Divisions 
— Left take 
Ground — Right 
take Ground. 



Nos. 1. 

Of 6 — ^Forward. 

Of 5 — Foi-ward — Waggon Left 
— Waggon Rear. 

Of 1, 2, and 4— Left take Ground. 

Of 3 — Left take Ground — Wag- 
gon Left — Waggon Rear. 



No. 24. — To Advance from the Centre in Double Column of 

Sub-Divisions. 



Commxmding Officer, 

(Repeated by 

Officers.) 

Advance from the 
Centre in Double ; 
Column of Sub- 
divisions — March. 



Officers, 



Of centre Division — 

Forward, 
Of Right Division — 

Left take Groimd 

— March. 
Of Left Division — 

Right take Ground 

— March. 



Nos, 1, 



Of 3 and 4 — Foi-ward. 
Of 1 and 2— Left take 

Ground — Right take 

Ground. 
Of 5 and 6— Right take 

Ground — Left take 

Ground. 



No. 25. — To Move from a Flank alono the Front in Column 

OF SUB-DlVlSlONS. 



Commanding Officer, 
(Repeated by Officeis.) 

Ailvance from the Right 

aloDg the front in 

Column of Sub- 

dlviaiona — ^March . 



Officers, 



Nos. 1. 

Of 1 — Foi-ward — Waggon Right 

— Left wheel. 
Of 2, 3, 4, 5, and 6 in succession 
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No. 26. — ^To Move fbom a Flank along the Front in a Column 

OP Divisions. 



Commanding Officer, 
(Repeated bj Officers.) 

Adraooe from the Right 
along the fi*ont in 
Column of Diyisions 
— ^March. 



Officers. 

Of Right Diyision — ^Forward 
— Left wheel. 

Of Centre and Left Diyisions 
—(in saccession) — Forward 
— Mardi — Left wheeL 



No8, 1. 

Of 1, 2, 3, 
4, 5, and 
6 — For- 
ward. 



No. 27. — ^To Advance from a Flank in Echellon op 

SuB-DrvisiONS. 

Nos, 1. 



In succession — ^For- 
ward — March. 



Commanding Officer, Offijoers, 

(Repeated by Officers.) 

Advance from the Right in Echel- 
■ Ion of Sub-dirisions — ^March. 

Advancing from the left is done on the same principle. 

A batteiy in echellon of subdivisions, if required to change its front 
when in action, can do so at the words action Left (or Kioht), by 
merely throwing the trails round, and bringing the guns into the new 
direction ; the Ihnbers and waggons forming in rear of their guns. 

No. 28. — To Advance from a Flank in Echellon of Divisions. 



Commanding Officer, 
(Repeated by Officers.) 

Advance from the Right in Echel- 
lon of Divisions — March. 



Officers^ 

(In succession) — ^For- 
ward — ^Mardi. 



Nos, 1. 



Forward. 



Advandng from the left is done on the same principle. 



No. 29.— A Battery in Echellon op Divisions to Change its 

Front when in Action. 

Officers, Nos, 1. 



Commanding Officer, 
(Repeated by Officers.) 

Gliange Front to the Left on the 
Left Gmi8 of Divisions— March. 



Of2,4, 6— Action Left. 

Of 1, 4, 5— Front limber 
up — Left wheel — ^Halt 
— ^Action Front. 

An echellon of half batteries is formed in the same manner as that of 
diviacma ; the rear half battery keeping its wheeling distance from the 
leading one. When in action, if the front is to be chang<ed, It i& la^tl^x 
to do it on a centre gun. 

Retirements in echellon are done on the same piincipVfi a&^i)ti^ «i^n«sl^« 
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No. 30. — ^To Retire from a Flank in Column. 

• First Method, 
Officers. 



Commanding Officer, 
( Repeated by Officers.) 

Right Division to the 
Rear — ^March, 



Commanding Officer, 
( Repeated by Officers.) 

Right Half Batteiy to 
the rear — March. 



Of Right Division— Sub- 
divisions inwards about 
Wheel. 

Of Centre and Left Divi- 
sions — ^Right Wheel- 
Right Wheel. 

Second Method. 
Officers. 

Of Right Half Battery— 
Sub-divisions inwards 
about Wheel. 

Of Left Half Battery- 
Right Wheel— Close 
Interval — RightWheel^ 
Full Interval. 



Nos. 1. 

Of 1 — Right 
Shoulders. 

Of 2 — Left 
Shoulders. 



Ms.l. 



Of 1 — Forward:— 
Right Shoulders. 

Of 2— Rightabout 

Wheel. 

Of3— Left Shoul- 
ders. 



No. 31. — To Retire prom a Flank in Column of Divisions.^ 



Commanding Officer. 
(Repeated by Officers.) 

Retire from the Right 
in Column of Divi- 
sions — ^March. 



Officers, 



Of Right Division — 
Right Reverse. 

Of Centre and Left 
Divisions — Right 
takeOround — Right 
take Ground. 



Nos. 1, 



Of 1— Right Reverse. 
Of 2— Right Reverae— 

Gun Left; — Gun Rear. 
Of 3, 5, and 6 — Right 

take Ground. 
Of 4— Right take Ground 
— Gun Left — Gun Rear. 



No. 32. — To Retire from a Flank in Column op Half 

Batteries. 
Officers. 



(Commanding Officer. 
(Repeated byOfficers.) 



Itetire from the Right 
in Column of Half 
Batteries — March. 



Of Right Half Bat- 
tery — Right Re- 
verse 

Of Left Half Battery 
— Right take 
Ground — Right 
take Ground. 



Nos, 1. 

Of 1 and 2— Right 
Reverse, 

Of 3— Right Reverse- 
Gun Left — Gun Rear. 

Of 4, 5, and 6— Right 
take Grouud — Right 
Reverse. • 



No. 33. — To Retire from the Centre in a Double Column of 

Sub-Divisions. 
In order to perform this manoeuvre, the battery should be reyersed, 
'lod then (with waggons leadmgV\t \& "^Tiotta«^\TL\i« «ame manner 
^ the advance from the centre, in a AoxM^ co\\«niv» 
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No. 34. — ^To Retire prom a Flank by Alternate Half 

Batteries in AcrriON, 

When a battery in line in action is ordered to retire from a Hank by 
alternate half batteries, the whole of the waggons and limbers come 
np and reverse as for limbering up to the rear, the named half battery 
limbers up at once and retires on its marker, who will have taken up 
any distance that may be ordered, the other half battery remains in 
action, the limbers four yards from the trail, ready to limber up as soon 
as the named half battery is halted for action. 

The senior officer of each half battery gives the woi*d of command. 

If the half battery to retire is not specified, the left retires. 

No. 35. — To Break into Column to a Flank. 



Commanding Officer, 
(Repeated by Officers.) 



Officers, 



Nos, 1. 



Of 1, 3, 5 — Right take 

Ground — Guns Front. 

Of 2, 4, 6— Right Wheel. 



Break into Column of Divisions 
to the Right — March. 

Breaking into column to the lefl can be done on the same principle. 

A column of half batteries can be formed in the same manner ; the 
pivot sub>divisions wheeling as before, but the others, after taking 
ground, must incline away to gain their required intervals. 

This movement would generally be employed in breaking into column 
from line with other troops ; and with half battenes it would be done 
at reduced intervals. 

It is not necessary to retain the pivot, the words of command will be 
*' Divisions right wheel,'' and each division wheels on its reverse sub- 
division. 

BATTERY IN COLUMN. 

No. 36. — From Column of Route to form Column of Sub- 
divisions ON THE March. 



Commanding Officer. 
(Repeated by Officers.) 

Form Sub-divisions. 



Officers, 



Nos. 1. 



Of 1— Waggon Right. 
Of 2, 3, 4, 5, 6— Waggon Right 
—Trot— Walk. 



No. 37. — From Column of Route to form Column of Divisions 

ON THE March. 



Commanding Officer. 
(Repeated by Officers.) 



Form Divisions. 



Officers, 



Nos. 1. 



Of 1, 3, 5 — Right 
Incline — Forwaid. 



Of Centre and Left 
Divisions — Trot — 
Walk. 

There are two ways of performing this movement. 'V^Vveii ^"fc oovsi- 
mandiDg o&cer wishes to preserve the pivot, be g^ves \iSnft -wox^^oirBk 

"ML 
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Divisions (as above) ; when he does not wi^ to preserve thie piTot, 
he gives the word Front Form Divisions, upon which the rear sub- 
divisions of divisions incline at an increased pace towards the pivot 
flank, the officers and staff-serjeants moving to their position in oolnnm 
of divisions. 

The centre and rear divisions, when square, trot up as before. 

No. 38.— From Column op Sub-divisions to form Column of 

Divisions on the March. 

Nos.1. 



Commanding Officer, 
(Repeated by Officera.) 

Form Divisions. 



Officers, 



Of 1, 3, 5— Right Incline- 
Waggon Rear — ^Forward. 
Of 2, 4, 6— Waggon Rear. 



No. 39. — From Column of Sub-divisions to form Column of 

Route on the March. 

Nos. 1. 



Commanding Officer. 
(Repeated by Officei-s.) 

Form Column of Route — 
Walk. 



Officers. 



Of 1, 2, 3, 4, 6— Trot- 
Waggon Rear. 
Of 6— Waggon Rear. 



No. 40. — From Column op Divisions to form Column of 
Sub-divisions on the March. 

Nos, 1, 



Commanding Officer. 
(Repeated by Officers.) 

Form Sub-divisions. 



Officers, 

Waggons 
Right. 



Of all — ^Waggons Right. 
Of 1, 3, 5 — Left Incline— 
Trot^Walk. 



No. 41. — From Column of Divisions to form Column op Route 

on the March. 

Nos, 1. 



Commanding Officer, 
(Repeated by Officers). 

Form Colunm of Route. 



Officers. 



Of 1, 3, 5— Left Incline 
Trot— Forward— Walk. 
Of 2, 4— Trot— Walk. 
Of 6— Forward. 



No. 42.— To bring the Rear to the Front in Succession on 
the March in Column of Route. 



Commanding Officer, 
(Repeated by Officers.) 

Hear Subdivision to the 
FroDt-'Walk. 



Officers. 



Nos. 1, 

Of 6, 5, 4, 3, 2 (in succeBsfon) 
— ^\^\. \\3L53&Qfc — Trot — 
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No. 43. — ^TO BRING THE ReAR TO THE FrONT IN SUCCESSION ON 

THE March in Column of Divisions. 



Commanding 
Officer, 
(Repeated by 
Officers.) 

Rear Division 
to the Front 
through the 
Intervals. 



Officers, 



Of Rear and Centre 
Divisions in suc- 
cession — ^Inwards 
Incline — Trot — 
Forward — Full 
InteiTal — Walk. 



No8. 1, 



Of 5, 3, and 1 (in succession) — 
Left Incline — Trot — Forward 
— Right Incline — Forward — 
Walk. 

Of 6, 4, and 2 (in succession) — 
Right Incline — Forward — Left 
Incline — Forward — Walk. 



No. 44. — ^To Form Line on the Leading Division. 



Commanding Officer. 
(Repeated by Officers.) 



Front form 
March. 



Officers, 



Of Centre Division — Left take 

Line — Ground — Right take Ground — 

Halt — Diess. 

Of Left Division — Left take Ground 

•^Right Incline — Right Incline 

—Halt — Dress. 

In performing this movement on the March the centre and rear 
divisions incline towards the intended line, and come up at an increai^ed 
pace, staff-serjeants shifting to their places in line as they come up. 

No. 45. — From Column op Divisions to form Line for Action. 



Nos. 1. 



Commanding Officer, 
(Repeated by Officers.) 



Officers, 



Nos. 1. 



Front Form Line for Action Front — March. 

No. 46. — To Form Line on the Rear Division. 



Commanding 

Officer, 

(Repeated by 

Officers.) 

Line on the 
Bear Division 
— Mai'ch. 



Officers. 

Of Centre Division — Right take 
Ground — Right take Ground 
— Right Reverse — Halt — Dress. 

Of Right Division — Right take 
Ground — Right Incline — Right 
Incline — Right Reverse — ^Halt — 
Dress. 



Nos. 1. 



Of 1, 2, 3 and 
4— Right take 
Ground. 



No, 47. — ^To Form Line on the Rear Division for Action. 



Commanding Officer. 
(Repeated by Officers.) 



Line cm ili« Rear Division for Action — Front 
— — MaraL 

The rear division comes into action to the fiont at tiie -wov^lsR.k'BKfi., 
Tbe others, as tbejr arrive in line, come into action at Vkevx T^ax, 



Officers, 



Kos. 1. 



\ 
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No. 48. — ^To Form Line on the Centre Division. 
This mantBuyre is a combination of Nos. 44 and 46. 



No. 49.— To Form Line to the Rear on the LEADiNa 

Division. 



Commanding 

Officer, 

(Repeated by 

Officers.) 

Line to the 
Rear on the 
Leading Divi- 
sion — March. 



Officers. 



Of Right Division — Sub-divisions 
Inwards About Wheel — Halt — 
Dress. 

Of Centre Division — Right take 
Ground — Left take Ground — 
Sub-divisions Inwards About 
Wheel— Halt- Dress. 

Of Left Division — Right take 
Ground — Left Incline — Left In- 
cline — Sub - divisions Inwards 
About Wheel — Halt — ^Dress. 



Nos. 1. 

Of 1— Right 
Shoulders. 

Of 2 — Left 
Shoulders. 

Of 3, 4, 5, and 
6 — Right 
take Ground. 



No. 50. — Advancing in Column op Divisions to form Line to 
THK Rear on the Leading Division — On the March. 



Commxxnd'mg Officer. 
(Kepeateil by Officers.) 

Line to the Rear on the 
Leading Division. 



Officers, 

Of Right Division— Sub-di- 
visions Inwards About 
Wheel. 

Of Centre and Rear Divi- 
sions — Right Wheel — 
Right Wheel. 



Nos. 1. 

Of 1 — Right 

Shoulders. 
Of 2 — Left 

Shoulders. 
Of 3, 4, 5, and 

6 — Right 

Wheel. 



No. 51. — Retiring in Column of Divisions to form Line to the 
Rear on the Leading Division — On the March. 



Commanding Officer. 
(Repeated by Officers.) 

Line to the Rear on 
the Leading Divi- 
sion. 



Officers, 



Of Right Division —Right 
Reverse. 

Of Centre and Left Divi- 
sions — Right take Ground 
— Waggons Close In- 
terval — B.\^\. XaJtfe 
Ground. 



Nos, 1. 



Of land 2 — 
Right Reverse. 

Of 3, 4, 5, and 
6 — Right 
take Groond. 



\ 
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No. 52. — Form line to the Rear on the Rear Division. 



Commanding 

Officer, 

(Repeated by 

Officers.) 



Line to the Rear 
00 the Rear 
Division — 
March. 



Officers, 



Of Right Division— Left Wheel- 
Half Leftr— Left— Halt— Dress. 

Of Centre Division — Left Wheel — 
Left Wheel— Hal1>— Dress. 

Of Left Division — Sub -divisions 
Inwards About Wheel — ^Halt — 
Dress. 



No8, 1. 



Of 5— Right 
Shoulders. 

Of 6 — Left 
Shoulders. 



No. 53. — To Form Line to the Rear on the Centre Division. 
Is a combination of Nos. 51 and 52. 

No. 54 — ^To Form Line to the Reverse Flank on the Leading 

Division. 



Commanding Officer, 
(Repeated by Officers.) 

Line to the Right on the 
Leading Division — 
March. 



Officers, 

Of Right Division — Right 
Wheel— Halt— Dress. 

Of Centre and Left Divisions 
— Forward — Right Wheel 
— Halt — Dress. 



Nos, 1. 



Of 2, 3, 4, 5, 
and 6 — 
Forward. 



No. 55. — To Wheel into Line. 

Commanding Officer. 
(Repeated by Officers.) 



Left Wheel into Line — 
March. 



Officers, 



Nos, 1. 



Left Wheel — Halt 
— Dress. 



Of 1 

3 

5 
Of 21 Right Wheel— Right 

4> about Wheel — 

6) Halt— Dress. 



No. 56. — To Deploy on the Rear Division. 
N.B. — All deployments are on the front base. 



Commanding 

Officer, 

(Repieated by 

Officers.) 

Deploy on the 
Rear Division 
— ^March. 



/ 



Officers, 

Of Right Division — Right take 
Ground — Right take Ground — 
Right Reverse — Halt — Dress. 
Of Centre Division — Right take 
Ground — Left take Ground — Halt 
— M arch — Hal t — Dress. 
0/ Left Division — Forward — ^March 
— Halt — Dress, 



Nos, 1, 



Of 1, 2, 3 and 
4— Right take 
Ground. 

Of 5 and 6— 
Forward. 
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No. 57. — ^To Deploy on the Rear Division for Actiost. 



Commanding 

Officer, 

(Repeated by 

Officers.) 

Deploy on the 
Rear Division 
for Action — 
Front — 
March. 



Officers. 



Of Right Division — Right take 
Ground — Halt — Action Left. 

Of Centre Division — Right take 
Ground — Left take Ground — Halt 
— March — ^Halt — Action Front. 

Of Left Division — Forward — ^March 
— Halt — ^Action Front. 



Of 1,2, 3, and 
4r— Bight tab 
Ground. 

Of 5 and 6- 
Forward. 



No. 58. — To Deploy on the Centre Division. 



Commanding 

Officer. 

(Repeated by 

Officers.) 

Deploy on the 
Centre Divi- 
sion — Mai'ch. 



Officers, 



Of Right Division — Right take 
Ground — Right take Ground — 
Right Reverse— Halt — Dress. 

Of Centre Division — Forward — 
March — Halt — Dress. 

Of Left Division — Left take Ground 
— Right take Ground — Halt — 
Dress. 



JVos. 1. 

Of 1 and 2- 
Itight take 
Ground. 

Of 3 and4- 
Forward. 

Of 5 and 6— 
Left tdffi 
Ground. 



No. 59. — Advancing in Column op Divisions to Deploy on 
THE Rear Division on the March. 



Commanding 

Officer, 
(Repeated by 
Officers.) 

Deploy on the 
Rear Division. 



Officers, 



Of Right and Centre Divisions — 
Right take Ground — Waggons 
close Interval — Left take Ground. 



Nos, 1. 

Of 1, 2, 3 and 
4 — Right take 
Ground. 



No. 60. — To Countermarch a Column op Divisions. 



Commanding Officer. 
(Repeated by OlTicei*s. ) 



The Column will Coun- 
termarch — Maixh. 



Officers, 

Sub-divisions Inwards 
About Wheel— Halt 
— Dress. 



Nos. 1. 



Of 1, 3, and 5— 
Right Shoulders. 

Of 2, 4, and 6— Left 
Shoulders. 

On the March. — The divisions wheel about inwards by sub-divisions, 
and move forward without halting. Officers and stafT-serjeants turn 
right about. A column of half batteries countermarches by each half 

battery wheeling about inwards by a\]i\>-^^*\&\aii^ ^«L\kftTa mark for 

the pivot guns of half batt«r\ea. 
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No. 61. — ^Fbom Double Column of Sub-divisions to form Line 

TO THE front. 

\ Officers. 



Commanding Officer, 
(Repeated by Officers.) 

Front Form Line — 
Mardi. 



Of Right Division — 
Right Incline. 

Of Left Division — 
Left Incline. 



Nos. 1. 

Of 1 and 2— Right In- 
cline — Forward — 
Halt — Dress. 

Of 5 and B—Left In- 
cline — Forward — 
Halt — Dress. 



On the March. 
The rear sub-divisions move up at an increased pace. 

For Action. 

At the word March, the two leading sub-divisions come into action 
to the front ; the other sub-divisions come into action in succession, as 
thej arrive in line. 

No. 62.— From Double Column of Sub-divisions to form Line 

TO A Flank. 

Officers, Nos, 1. 



Commcuiding Officer. 
(Repeated by Officers.) 

Line to the Right on 
the Right Half Bat- 
tery — ^March. 



Of Centre Division 
—Right Wheel- 
Halt — Dress. 



Of 1, 2, 5, and 6— 
Forward — (in suc- 
cession) — Right 
Wheel — Halt — 
Dress. 



No. 63. — From Double Column of Sub -divisions to form Line 

TO A flank for Action. 

Nos, 1. 



Commanding 

Officer, 

(Repeated by 

Officers.) 

Line to the 
Right for Ac- 
tion Right — 
March. 



Officers. 

Of Right and 
Left Divisions 
— Forward. 



Of 1 — Forward — Waggon Left — 

Halt— Action Right. 
Of 2 — Forward — Waggon Left — 

Halt — Action Front. 
Of 3— Halt— Action Right. 
Of 4, 5, and 6— Forward— Right 

Wheel— Halt— Action Front. 



Section III. — Inspection, and Review. 

The battery is formed, in line limbered up, the detachments mounted. 
A fUnnht ^^^ waggous at Order, viz., ten yards in rear of the guns. 

'^Z^^ The officers at order, viz., the subalterns one horse's length. 
'^^^^^ in front of the centre of their divisions, Xhft seowA <i«^\»sxw 
do the light of the battery in line with the subalt&ms. 
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The Captain The assistant surgeon and veterioaiy surgeon one 

gives the hoi*se's length on the right of the leaders of the 

Command guns. 

" Officers Tiumpeters one horse's length on the right of the 

Advance to whole, in line with the leaders of the guns. 

Order** The captain in the centre, half a horse's length in front 

" March,** of the subalterns. 

The commanding officer two horses' lengths in front of the captains 
of batteries. 

A Brigade The adjutant on the right of the line, in line with the 

of Batteries, subalterns. 

The staff officers on the right, in line with and one horse's loigth 
from the leadei-s of the guus. 

The serjeant-major in line with the leaders of the guns covering the 
adjutant. 

" CeriAr I ^ 1 ip ** "^^ *^® inspecting officer anives, the commanding 
" 7> <? d "' ^^^^' gives the word, " General Salute," ** Di'aw 

Swords." Officers and mounted non-commissioned 
officers draw swords, the offioera coming down at the last motion to the 
salute. 

If done hj trumpet, the swords are drawn at the last sound of the call. 

The officers recover and carry swords, taking the time from the 
commanding officer. 

The commanding officer accompanies the inspecting officer, and the 
whole remain steady while he makes his inspection. Captains will 
give the word *• Eyes right," or " left," as the inspecting o65k;er comes 
to their batteries, " Eyes front " when he has passed. 
" Shoe Swords " "^^ ^^^ ^ ^^® inspection has been made the 
" Close Order ** c*^"^™^^^'"g officer gives the word " Slope Swords," 

** Close order, March," the waggons move up to close 
order ; subalterns remain steady. 

Marching past. 

A Battery to march past in Line at Close Intervals, 

Words of At the word " March " the battery takes ground 

Command. to the right ; when the head of the column arrive* 

{The Captain, at the first wheeling point the captain gives 

repeated by the word " Left wheel ;'* when the head of the 

Officers,) column arrives at the second wheeling point, the 
The Battery will captain gives the word " Left take ground, close 

march past at interval on No. 1," upon which the rear sub- 

close interval divisions incline to their right after taking ground, 

** Right take and move up to clase intervals, subalteiiis 

Ground.'* taking post one horse's length in front of their 

" Walk-March.** divisions. 

On arriving at the open order point, 40 yards from the inspecting 

** Left Wheel.'* officer, the captain gives the word ** Take Order, 

Xef^ take followed by " Carr^ Swords/* ** Eyes Right," upon 

Ground J close which the waggons d\ft(i^JL \}cvfe ^jaRfc \\\^^}^.^^<fc Vsftd&of 
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- on the leaders are 10 yards distant from the guns : the 

drivers salute. 
Order," At 10 yards from the inspecting officer the offi- 

SiDords" cers salute, subalterns taking the time from the 
'iight." captain, who is one horse's length in front of them. 
>n as the captain has passed the inspecting officer he places him- 
is right and carries his sword ; at 10 yards past the inspecting 
le subaltei*n officers recover and cany their swords, 
the rear of the battery has passed the inspecting officer the 
'ejoins his battery, and at the close order point, 50 yards from 

the inspecting officer gives the word "Slope 
Swords'* Swords," " Close Order," upon which the drivers 
Order" throw back their whips, and the waggons trot up to 

close order, 
jrjeant-major marches past in rear of No. 1 sub-division, quar- 
p-serjeant in rear of No. 6 sub-division, trumpeters 10 yards 
of the captain, the second captain in rear of the whole, 
r^, , ,» At the third wheeling the captain gives the word 

^rr, j,f ** Left wheel," and again at the fourth wheeling 

point. 
ons do not take order when the front is less than that of a 

Ranking past. 

The battery is halted at the open order point. 
Etptain gives the word " The battery will rank past," upon 
, . . which No. 1 of the right sub-division places himself 

, ?„ a horse's length in front of his sub-division, the 

^ ' subaltern of the right division one yard in front of 
1, and the captain one yard in front of the subaltern, trum- 
. front of the whole. The second captain, or in his absence the 
major, places himself on the right of and facing the batteiy, at the 

Q w7 »* ®P^° order point ; the captain then gives the word 
'"Mark " ** ^^^^ Swords," " Walk," « March ;" at the word 
y- if?f^ ' *' March," the right sub-division moves off. No. 1 

^ ' ' giving the word " Eyes Right " for the drivers to 

The remaining sub-divisions receive the word from their 
* Right Incline," " Walk," ** Maich," in succession, and follow 
; sub-division, the officers and Nos. 1 placing themselves as de- 
r the right sub-division, 
fficers salute in succession when within ten yards of the in- 

officer. The captain takes post as before on his right. At the 
teeling point the leading sub-division is halted, and the battery 
d at close intervals. 

larkers rank past in front of their waggons, the farrier in front 
rge, the quartermaster-serjeant in rear of the rear carriage, the 
major in his rear, the second captain in rear of the whole, 
jrards' distance is kept in front and rear o£ eauc^ «a.m«i^<&^ «sA 
£vm nose to croup between single horses. 
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Trotting past. 

'* The Battery The captain gives the word, '* The battery will 

mil trot past — trot past — March." 

March** At the open order point, the captain gives the 

** Carry Swords,** word " Carry Swords," « Eyes Right." At the 

** Eyes Right** close order point " Slope Swords.** 

" Shpe Swords** Waggons do not take order in trotting post. 
Spare cairiages do not trot past^ 



ENCAMPING, AND PICKETING. 



There are various methods of encamping, and picketing, hut as it 
depends so much on local circumstances, it will be sufficient to punt 
out in what manner a battery is generally drawn up for that porpoee, 
and to detail the numbers employed in the different duties. 

Experience has shown that whenever Artillery can make use of their 
carriages, they should not use the picket posts, which are difficult to 
drive in hard ground, and easily drawn out in wet or sandy ground; it 
has always been fouud that fastening the picket lines to the wheds of 
the different carriages is both the quickest and safest way of securing 
the horses. 

To encamp and picket expeditiously and r^ularly requires close ad- 
herence to the system laid down, and therefore the duty of each man is 
distinctly defined. 

First Method, 

Battery in Line at Half Intervals. 

Prepare to The staff-serjeants mark for the line of pickets on 

Encamp f and the front base facing the alignment at one half inter- 
Picket. val from the flank sub-divisions. 

The gun detachment take the tent and peg bags, tent poles, and 
picket posts off the waggon. 

Nos. 2, 4, and 6 of each sub-division, and No. 8 of Nos. 1 and 6 sub- 
divisions take a picket post each (20 for the battery). 

No. 9 takes a maul, and the centre gun driver a picket-rope. 

Three ropes are required on each flank of the battery. 

Nos. 1 and 3 of the two centre sub-divisions, and Nos. 1, 3, and 5 of 
the other four sub-divisions, take a tent pole each (16 in all) and put 
them together for the men's tents, 8 on each flank. 

No. 5 of No. 3 sub-divi&ion puts a tent pole together for the guard 
tent. No. 7 of each sub-division adjusts tent poles for the six officers' 
tents. 

The odd numbers carry tent poles, the even numbers picket posts. 

Drivers dismount, and unhook. 
" Encamp, and The whole stand steady till the word is givoi to 
Picket. ** ** Encamp, and Vvck^iX:* 
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Nos. 2, 4, 6, and 9 of the right half-hattery, and No. 8 of No. 1 sub- 
division double up to the serjeant-major on the right front, the 
corresponding numbers of the left half battery double up to the quar- 
termaster-serjeant on the left front, and place themselves in single file 
from the front base facing to the rear, except Nos. 6 of the two centre 
sab-divisions (who carry an extra picket post for secuiing the end of 
the line on the front base, and who wait to have their posts driven 
after those of Nob. 2 of the centre sub-divisions are driven), and Nos. 9, 
who &11 in with their mauls on the inner flank of Nos. 2. 

Nos. 2 of the centre sub-divisions place themselves in front of the 
alignment next to the staff Serjeants. Nos. 9 on their inner flank and 6 
on their outer flank ; Nos. 4 of the centre sub-divisions in front of 
Nos. 2. 

No6. 2, 4, and 6 of Nos. 2 and 5 sub-divisions fall in, in single flle 
from lowest to highest, facing to the rear in front of Nos. 4 of the 
centre sub-divisions. Nos. 9 on the inner flank of Nos. 2. 

Nos. 2, 4, and 6 of the flank sub-divisions in single file in front of 
Nos. 6 of Nos. 2 and 5 sub-divisions, Nos. 6 leading to the rear. Nos. 9 
on the inner flank of No. 2, and No. 8 on the outer flank of No. 6. 

At the same time, Nos. 1 and 3 of the centre sub-divisions, and Nos. 1, 
3t and 5 of the remaining sub-divisions double up with their tent poles, 
and &11 in in single flle from the front base facing to the rear, at a half 
interval (9} yards) outside the picket men on each flank of the battery, 
so that Nos. 1 of the two centre sub-di visions dress by Nos. 6, 2, and 9, 
and Nos. 3 by No. 4. 

Nos. 1 of Nos. 2 and 5 sub-divisions dress by Nos. 2 and 9, Nos. 3 
by Nos. 4, Nos. 5 by Nos. 6. 

Nos. 1 of the flank sub-divisions dress by Nos. 2 and 9, Nos. 3 by 
Nos. 4, Nos. 5 by Nos. 6 and 8. 

The subaltern officers see that both the picket and tent pole numbers 
cover conectly, and are responsible for the correct intervals and dressing 
of tents and picket posts. 

As soon as all cover correctly, the second captain gives the word 
••Quick March," Nos. 1, 2, 6, and 9 of the centre sub-divisions stand 
&st. The remainder step off together, the rear file being halted at 
every deventh pace by a staff-serjeant, who rides down alongside of 
him, between the post and pole numbers, counting the paces. 

As soon as he has halted, Nos. 5, 6, and 8 on the rear base, he 
returns to the front base, the word ** Front," is given by the second 
captain, and the subaltern officers correct the covering and dressing, 
taking care that the line of posts and tent poles is at right angles to 
the base, and parallel to the flank sub-divisions. 

When all are posted, there will be two picket posts at the end of 
each line of pickets on the front and rear base, and a picket post cor- 
responding to a tent pole at every half interval from front to rear. 

At the same time that the tent and picket numbers double to the 
flanks on the words "Encamp, and Picket," No. 5 of No.^ svxVy-^Yn- 
sion doubles to the front, and places himself one intervaX Vn. ^qtv\. qH 'Cci*^ 
CBBtn^ holding the tent pole for the guard tent. 
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Nos. 7 of each sub-division at the same time doable with teat poles 
to the rear centre of the battery. No. 7 of No. 3 sub-division places 
himself one half interval in rear of the third line of carnages ooveriDg 
the guard tent. No. 7 of No. 4 sub-division covering him half an 
interval further to the rear. No. 7 of No. 2 sub-division will drea hf 
No. 7 of No. 3y placing himself half an interval on the right, No. 7 of 
No. 5 sub-division, dressing by them half an interval on the lefl. 

No. 7 of No. 1. and No. 7 of No. 6, dressing by No. 7 of No. 4, and 
covering respectively Nos. 7 of 2 and 5 sub-divisions. 

As soon as the picket and tent numbers have taken their position} 
the 2nd captain will correct the dressing from the right flank, taking 
care that Nos. 3 and 4 of the flank sub-divisions and Nos. 7 of 2 and 5 
sub-divisions ai-e parallel to the front ; and that Nos. 5, 6, and 8 of 
the flank sub-divisions and Nos. 7 of 1, 4, and 6 sub-divisions are cor- 
rectly dressed at a half interval further in the rear. 

The centre gun drivers carry the picket rope for each sub-division to 
No. 2 of their own sub-division, and return to their horses. As socm as 
the points are dressed, the picket posts are driven under the supep 
intendence of the subaltern officers of the flank divisions. 

Nos. 8 of 2, 3, 4, and 5 sub-divisions unroll and make fast the 
line, taking two half-hitches round each post above, and below the 
rin^. 

The subaltern officers on either flank repoii; to the captain as soon as 
the rope is made fast, and he orders the horses to file on the pickets. 

The subalterns are responsible that they file off in order, the flank 
sub-division moving first, each team wheeling outwards, the horses of 
the 3rd line of carriages leading to the rear. 

Nos. 2 and 5 sub-divisions wait till the gun-horses of Nos. 1 and B 
have passed their 3rd line of carriages in moving to the rear ; each 
team then wheels outwards and moves along the front of the line of 
carriages to which it belongs, to its place in the pickets. 

The centre division waits till the horses of 2 and 5 sub-divisions 
have moved off. 

Each sub-division occupies a front of 19 yards, subdivided into two 
half intervals by a picket post in the centre. 

In the left half battery the ride and spare horses will be on the left 
when picketed, the gun horses on the right of each sub-division. In 
the right half battery the s{)are horses on the right, and gun horses on 
the left. 

The last half interval to the rear is for officers' and staff horses. 

The subalterns of the flank divisions superintend the filing, and 
picketing. The second captain and junior subaltern, assisted by the 
staiF Serjeants, attend to the pitching of the tents, which is going on 
while the picket posts are being driven. 

The horses are fastened by the centre of the collar-chain to the 

picket line, taking two half hitches round it, the T-eud passed through 

the large link. 

As soon as the first picket posts axe dvWer^, Nos. 2 bring up the p^ 

bugd and waJJets of the half balteiciea on eadi ^m^k., wA ^\\\^ %.^^R%\ft 



ART v.] ENCAMPING, AND PICKETING. 173 

lark the centre of each tent ; after which they assist Nos. 4 and 6 in 
ringing up the tents of each half hattery. 

Nos. 8, as soon as they have assisted in fastening the picket rope, 
irry the officers' tents to the rear, and drive a peg to maik the centre 
f each tent, as soon as the second captain has finally dressed Nos. 7 
rith the tent poles. 

Nos. 5 of No. 4 sab-division carries out the guard tent as soon as 
lie word to encamp is given. 

As soon as the centre of each tent is marked by a peg, four guy pegs 
re driven to the front, rear, right, and left at three yards from the 
entre peg. The tents are then spread out by all the available num- 
ers, the second cord from each side of the door being fixed to the 
ront peg, the fifth cord on each side of them to the two side pegs, and 
he rear cord to the rear peg. 

The original tent pole numbers, viz., Nos. 1 and 3 of the two centre 
ab-diyisions, and Nos. 1, 3, and 5 of the remaining sub-divisions, 
lesides No. 5 of No. 3 sub-division for the guai-d tent, and Nos. 7 for 
he officers* tents, then place the poles home in the canvas, and prepare 
raise tents. 

As the tents lie on the ground previous to raising, the foot of the 
lole is laid in the direction corresponding with the doorway, which, 
rith the curtain, is hooked and kept uppermost. 

The guard tent opens to the front. All other tents face the battery. 
, p . At the word * * Prepare to raise tents," the tent pole 

. ^w. ± n numbers stand ready to raise the tent. At the word 
t » • 7» * / •» or sound, the other pegs, one opposite each seam, are 

Manse lents. ^^.j^^^^ ^nd the cords fastened to them. 

The following is the distribution of tents to each division : — 

Right Division ; 2 Officera* and 6 men's tents. 
Centre do. 2 Officers', 4 men's, and 1 guard tent. 
Left do. 2 Officers' and 6 men's tents. 
Total, 23 tents. 

Each sub-division pitches and occupies the tents it carries, and the 
ion'<x)mmissioned officers and men are opposite to their horses when 
ncketed. 

The harness is placed in line behind the horses, one yard from the 
arriages. The traces, breeching, and collars are put inside the pad, 
rhich is laid inside the saddle, and the whole is kept compact by 
>ackling the surcingle of the saddle round it; the bridles are laid 
>ver the cantles, which are towards the horses, numnah or blanket 
>ver all. 

^ p . The quickness with which this can be done depends 

ttvihT i upon each number performing in inverse order the 

mrf P* hAt^*'* <iu*i6s allotted to him in encamping. The pickets are 
^^ *• struck at once, the horses are filed on the carriaj^oa 
md hooked in, the centre sub-divisions leading. 

The tents are prepared for striking by drawing a\\ t\i^ ^^ «xfiK^\. 
be £mr gajr pegs. 
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t' Q* -i T t ** When all the tents are ready to strike, tiie tent 

iitrxHe lenvs, ^^^ numbers stand to the poles ready to lower tU 
whole together at the word, or sound. 

Subaltern officers i-eport as soon as their divisions are hooked, and 
the carriages packed. 

A battery encamped on this plan occupies a perfect square^ the lide 
of which is 85| yards, or 9 half intei-yals. 

The carriages can also be drawn up at full, or in limited space it 
quarter interval, without altering the space occupied by the men'i 
tents, or pickets, and with the same detail of duties. 

Second Method, 
Battery in Column of Sub-divisions. 

This system, for celerity, economy of labour, and conymienoe, ii 
perhaps superior to any other for a temporary encampmenti It abo 
occupies a comparatively small space, and the guns can be qoi^J 
brought into action at fidl intei-val. 

The batteiy is foimed to either flank as may be required in oolniDi 
of sub-divisions, taking care that the waggon forms up squara ao ai to 
leave a full interval of 19 yards between it and the gun. 

All general directions ai'e the same as already laid down. ^ 

" P eDore to ^^' ^ » ^» ^» ^^^ '^ **^ ^^^y 8ub-di"?SBon take a tort 

F '' r) nd ^^^ *°^ P^' '* together, except Na 5 of No. 4 tnb- 

j> • i^** division, who assists Ko. 5 of No. 8 in pitching the 

1 xctiet, g^^j.j ^^^^ 

Nos. 9 take a maul and picicet post each. 

The centre drivers of guns take a picket line each. One is required 
for each sub-division. 

" Fncamn and ^^^' ^ ^^ ^^ sub-division place themselves in a 
P' 1^ f »» line with the muzzle of the gun at one half interval 

in rear of the third line of caariages, facing the head 
of the column. 

No. 3 of each sub-division places himself half way between No, 1 of 
his own and No. 1 of the sub-division in his front, so that these tent 
pole numbers will be in single file facing the head of the column, witii 
half an inteiTal between each pole. 

There will thus be a line of twelve tents for non-oommissioned 
officers and men, two immediately facing each sub-division. 

No. 5 of No. 8 sub-division places himself two yards behind the 
muzzle of No. 3 gun, and one interval from the outer flank of the 
column, which will be the real front of the encampment, facing about 
to ascertain that he is correctly at right angles to the battery. 

No. 5 of No. 1 sub-division places himself at half an inter\'al on the 
right of No. 3 of No. 3 sub-division ; No. 5 of No. 2 sub-division on 
the right of No. 1 of No. 3 sub-di^'sion ; No. 5 of No. 5 sub-division 
on the right of No. 3 of No. 4 sub-division ; No. 5 of No. 6 sub-divi- 
sion CD the right of No. 1 of No. 4 sub-division ; all facing the head of 
the column, and each dressing at ^ai£ m\ftTv«\. ^tq\sv >^% uxfinbAt on hii 
£ank, and covers at half interval \Jlaft ii\mi\)«t *m\»&^\wi\» 
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N08. 7, who carry the officei-s' tent poles, take up their position, facing 
the head of the column, at half an interval on the right of the second 
line of tents, so that No. 7 of No. 1 suh-diyision will be a full interval 
on the right of No. 1 of No. 2 sub-division, and No. 7 of No. 6 a full 
interval on the right of No. 3 of No. 5 sub-division, the Nos. 7 of 
2, 3, 4, and 5 sub-divisions at half interval on the right of the four 
tent poles of the second line of tents. 

The snbaltems dress and correct the line of tents, the second captain 
saperintending. 

The centre of each tent is marked and the pegs driven, as before 
directed. Nos. 2, 4, 6, and 8 of each sub-division cai-ry out the tents 
to 1, 8, 5, and 7 ; 2 assisting 1, 3 assisting 4, and so on. 

No. 5 of No. 4 sub-division carries out the guai-d tent to No. 5 of 
No. 8 sub^vision. 

Nos. 6 of 3 and 4 sub-divisions assist Nos. 9 in driving the picket 
ports half way between the hind azletree of the gun and waggon in each 
rab-dirision, and securing the ends to the gun and waggon wheel, 
aftor taking two half-hitches round the picket post, above and below the 
ring. 

OfBoers* horses are on the right flank, led horses of the gun on the 
kft flak of the picket. 

Should the depth be limited, the third line of carriages can be drawn 
up at quarter intei'val on the ammunition waggons. 

If the front of the encampment is limited in space, and there is depth 
to the rear, carriages can be drawn up with the head of the column 
towards the guard tent, and the guns on the outer flank of the encamp- 
meot. 



EMBARKING, AND DISEMBARKING. 

The following directions will be found applicable to nearly all the 
cases likely to occur ; such-as embarking, or disembarking from a beach ; 
from a wharf; with, or without boats; in presence of an enemy, 
&c., &c 

Embarking Guns, and Carriages, 

1. On the arrival of the battery at the place of embarkation, it is to 
be drawn up in as compact order as is consistent with the performance 
of the operations required. The horses are to be taken out; the hai- 
MiB taken off and packed in vats, and the stores in cases. When there 
are no vats and cases the stores must be seemed to the carriages or tied 
tf^^ether : the intrenching tools may remain with the carriages. The 
n(Hi-coinmissioned'oflficei's in charge of sub-divisions will attach to their 
hainess and stores pieces of basil having the number of their sub-divi- 
aoDi written upon them. The harness for each caniage should be 
onbaiited with it. 

2. The gnn detacbmeDts will prepare the carriages for em^oax^Wcsti, 
Tiejr wW take off the aide arms and secure them toget!heT,\a^<& qmV >i)cvft 
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inches long and three feet ten inches wide, placed on ronners sixteeQ 
inches high ; upon this rest two strong transoms, to whidi the bradceti 
supporting the gun are secured. A box distinct fi-om the ammunitiw 
boxes, is placed on each side of the gun, together -capable of contaimng 
about thirty rounds of ammunition, and which serve as seats. These 
boxes usually contain the shot and small stores carried in the aidetree 
boxes, as well as long reins for driring, when in single draught. 

The manner in which a gun with its ammunition is arranged m. 
the sleighs is as follows : — 

Three sleighs form one sub-division. 

On the fii-st is mounted the gun, with its side arms, slow matdi box, 
and portfire cutter. 

The fix)nt box of the waggon body and the gun limber boxes are 
carried on No. 1 ammunition sleigh. 

On No. 2 ammunition sleigh the real* box of the waggon body and 
the waggon limber boxes ai'e placed. 

The knapsacks are carried on the ammunition sleighs. 

If the roads are good, two horees are sufficient for each sleigh; 
but four horses are usually put to the gun, and two to each of the 
ammunition sleighs. This arrangement is only suitable for parade and 
exercise on good roads, as the gun is the lightest of the three sldghfi 
which compose a sub-division. 

HooHng in. 

When a battery is ordered out, the detachments form the order 
of march, as with wheel carriages, and shift after hooking in. When 
about to be dismissed, the men shift again, so as to be on their proper 
sides for unhooking. 

Nos. 2, 3, 4, and 5 hook in horses of gun sleigh. 
Nos. 6 and 7 those of No. 1 ammunition sleigh. 
Nos. 8 and 9 those of No. 2 ammunition sleigh. 

Posts of the Detachments with Sleigh Carriages, 

The position of a gun on a sleigh being reversed, (i.e., the muzd^ 
to the front instead of to the rear,) it becomes necessary to alter the 
positions of the detachment, that each man may find himself on his 
proper side of the gun when it is brought into action. 

Tiie odd numbers or front rank will be on the left or near side ; the 
even numbers or rear rank on the right or off side. Nos. 1 at the 
horses' heads ; 2 and 3 in line with the muzzle ; 4 and 5 in line with 
the breech ; 6 and 7 one yard in rear of 4 and 5 ; 8 and 9 one yard iu 
rear of 6 and 7. 

No. 1 on the left, and No. 6 on the right of the gun sleigh ; 3 on 

the front box of No. 1 ammunition sleigh ; 4 and 5 on the rear box of 

No. 1 ammunition sleigh, 4 on the right, 5 on the left ; 2 on the front 

box of No. 2 ammunition sleigh*, 7 and 8 on the rear boxes of No. 2 

ammunition sleigh, 7 on the left, ft ou \)ci^ v\^V*, ^ ^'OiVVx^^nt box 

of No, 1 ammunition sleigh. 
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Coming into Action, 

No. 1 unhooks the swingletree, places it on the back of the near 
ho]*se, then steps in and takes hold of the shafts on the near side ; 6 
takes hold of the shafts on the off side, and the two numbers lift them 
off, laying thera gently on the ground ; 3, as soon as he comes up, 
places the hook of the swingletree in the crupper ring, hook upwards. 
No. 1 gives the word ** Drive On," when all is leady. In coming into 
action to the front, or to the light, the gun horses move to the lett, and 
form on the left of No. 1 ammunition sleigh. In action left, they move 
to the right, and form on the right of the same sleigh. 

Limbering up. 

This is done by the Nos. who unlimbered. The waggon sleighs 
(which in action are at the distance of ten yards from the gun) close 
up to three yards* distance. 

Marching 0rd4r, 

In marching order the following stores and intrenching tools are 
on the gun sleighs : two fitting ropes, one spare swingletree ; two 
swords on front platform under breast of gun, claw hammer, wrench 
and pincers ; in sockets two portfire sticks on right rear of platfonn. 

On No, 1 ammunition sleigh : two fitting ropes, prolonge, two 
spare swingletrees, and one sword on front part of platform ; two 
carbines on front box, spare sponge and worm on platform right of 
boxes; spare handspike on left side; four spare traces between front 
and r«u* boxes ; two swords, on platform in rear of boxes, covered by 
four knapsacks. The knapsacks are strapped from off-handle of 
off-box to near handle of near box. 

On No. 2 sleigh : felling axe and two camp kettles on front of 
platform ; one sword on front box ; pickaxe in rear of front box ; four 
spades strapped to front of rear boxes ; four water buckets strapped to 
guardirons of front box, two at each side ; two swords in real* of 
boxes, covered by four knapsacks. 
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FOR THE AMMUNITION WAGGON OF A LIGHT 6-POUNDER GDN. 



Mode of Packing Ammumtion and Stores, 



Hcket Line. Felling Axe. 
Grease Box, cont. 3 lbs. 
Near Box. 



LiUBEB. 

Lifting Jack. 
Pair Drag Ropes. 



Hand Bill. 
Swin^etree. 
Off Box. 



0) 

> 
o 

x: 



4 BOUND 
SHOT 

(above). 

4 CASE 
SHOT. 

(below). 

1 

$ portfires 
(on lid). 



8 BOUND 
SHOT. 



car touch. 
12 Ulb. 

CAB- 
TBIDOES. 



8 SHRAP- 
KEL. 

1 cartouch. 
12 li lb. 

CABTRID6ES. 

8>-l0 drm. 

bursters. 

1 blue box, 

containing 

12 Shrapnel 

fuzes. 
1 strap for 

fu'/e box. 



Mid- 
Box. 



"Water Bucket. 




8 BOUND 
SHOT. 

12 Ulb. 

CAR- 
TBIDOES. 

1 car- 
touch. 



8 BOuin> 

SHOT. 

12 lilb. 

CAB- 
TRIDQES. 

1 cartoach. 



4i BOUHO 
SHOT 

(above). 

4 CASK am 
(below). 

100frlcti« 

tabes taitaici 

cylinder. 
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pocket and 
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Water Bncket. 



WAGGON BODY. 
Fore Box. 
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10 SHRAPNEL. 

1 cartouch. 
10-10 dr. bursters. 

16 lilb. CAR- 
TRIDGES. 

1 blue bag, cont. 
12 Shrap. fuzes. 
50 friction tubes 
in zinc cylinder. 
50 brass tubes in 
do. 



15 ROUND SHOT. 

27 Ulb. 

CARTRIDGES. 

1 cartouch. 
1 skein of marline. 
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Hind Box. — 4 Reaping Hooks between the Boxes. 
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15 BOUND SHOT. 

27 Ulb. 

CARTRIDGES. 

1 cartouch. 

100 empty flannel 
cartridges. 

6 lbs. 



10 ROUND SHOT. 

18 Ulb. 

CARTRIDGES. 

1 cartouch. 

1 skein of 
Hambro' line. 

Slow 
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in 3 tiers. 



Match. 
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2 Grease Magazines, each cont. 14 lbs. Box, cont. 10 sets of Horse Shoe* ^ 

Camp Kettle. Maul. Camp Kettle. [proportion of N*"*- 

The first line of Waggons only carries Spare Wheels, Hand Saws, and Reaping Hook* 
4 Spare Splinter Bars, 2 Perches, and 4 pairs of Shafts, per Battery, are distributed 
among the Waggons, and \asVie(\ uwder them for transport. , 

2 Carbines strapped In front, and Bwanke\a,\\VaTv\Le\.CovtT%,«xAT.<ioTaSaska«tnipP«^ 

on the Lids oi tiie Amm\m\Wov\TaoTSLftft. 



RT v.] 



PACKIHa STORBa ON CAEEIAGES. 
FOR A 12-PODNDER HOWITZER. 



F*lr I)n« Eopes. 



1 <UIUP>:^L, Id 1 






















8 lilb. CAli- 
















kDUe. 1 millet. 


MTtoUcl,, 


VlD 


BHKLLS. 


'atrw''*^^' "^ 




DuralGrs. 




lO^BBBl.™. 


' "o"o mJttofiS^': 


«t of fine Hgrere 

>6dbiu. 

a,. 


Hiing fuKH. 
2 do. for stain. 

ifOMSMtionS. 


III 


cmnf^n 


conmoufDM.. 
1 black bag ™ot.I» 
3 "nyl!X '"™' 




















andpinpt* 












teU 




PickAie. 


WntM Buctei. 






IFu« ( oommon . 
t»1aiili>ph.-ahmp. 
IxHdlng bole dlapb.- 

'A /Lmdlng bale dUpb.- 
!1ka^ om RtaHT AxLEif 



jl I 



E 5 



jI];o.....l.tA: 



I 11 .=v... I 



186 PACKIKG STORES ON CARRIAGES. [PART V. 

FOR THE AMMUNITION WAGGON OF A 12-POUNDER HOWITZER. 



Mode of Packing Ammunition and Stores. 

Picket Line. Felling Axe. Limbeb. Hand Bill. 

Lifting Jack. 

Grease Box, containing 3 lbs. Pair Drag Ropes. Swingletree. 

Near Box. Off Box. 
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12 SHRAPNEL, in 

2 tiers. 

1 blue bag, contain- 
ing 12 Shrapnel 
fuzes. 

1 blue box, contain- 
ing 12 Shrapnel 
fuzes. 

1 strap for fuze 
box. 

6 portfires on lid. 
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1 cartouch. 

18 20 drm. 
bursters. 
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50 brass tubes and 
50 friction tubes 
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14 6 oz. 
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16 SHRAPNEL, iU 

2 tiers. 
8 li lb. 

CARTRIDGES. 

1 cartouch. 

3 blue bags, each 
containing 12 Shrap- 
nel tuzes. 



28 IJlb. 

CARTRIDGES. 

1 cartouch. 

32 20 drm. 
bursters. 



16 SHRAPKF.L, in 
2 tiers. 

Blow match. 
6 lbs. 
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Hind Box. — 4 Reaping Hooks between the Boxes. 
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16 COM. SHELLS, 

in 2 tiers. 

100 empty flannel 
cartxidges. 

2 black bags, each 

containing 

16 com. fuzes. 



28 \\ lb. 

CARTRIDGES. 

1 cartouch, 

28 6oz. 
bursters. 



4 COM. SHELLS. 
4 CARCASSES 

(below). 

8 COM. SHELLS 

(alwve). 

1 skein Hambro' 
line. 

1 ditto marline. 
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2 Grease-mf45., each cont. 14 lbs. Box, cent. 10 sets Horse Shoes, and pro. of Ifw'* 

Camp Kettle. Maul. Camp Kettle. 

The first line of Waggons only carries Spare \Vheel8, Hand Saws, and Reaping Hoc)* 
4 Spare Splinter Bars, 2 Perches, and 4 pairs of Shafts, per Battery, are dlstrlbated 
amon<^ the Waggiins, and \asYv^ \mder them for transport. 
2 Carbines strapped in front, and ti\an'k.e\»,1i\auVAV.CjON«%,%xA'iQ<OTiSack» 
strapped on tUe LVda o^ U\<i ktcaa^VCtfiXk.'&QT«^, 
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Jiode of Packing Ammunition and Stores belonging to the Gun^ CarriagCj 

and Limber, 



Felling Axe. 
"ease Box, cont. 3 lbs. 

Neab Box. 



LntBRR. 

Pair Drag Ropes. 



4 CASK SHOT. 

I knife. 1 funnel. 
1 blue box, contain- 
ing 8 ISirap. fuzes. 
1 mallet. 2 needles. 

1 extractor. 

1 sdasors. 1 setter. 

202. -worsted. 

1 set faze borers 

and bits. 
1 strap for faze box. 

1 drift. 

I box for wads and 

plugs.* 

5 faze sections. 

5 ojpies of InstruC' 

tions for fixing 

fuzes. 

2 ditto for shells. 
1 driver. 2 keys. 



6 BOUlfD SHOT. 

8 2ilb. CAB- 

TRIDOES. 

6 portfires on 

lid. 
1 cortouch. 



6 SHBAPMEL. 

8 2ilb. CAB- 
TBIDGE8. 

6 15 drm. 
bursters. 

1 cartouch. 
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MID BOX. 



1 drag 
washer. 

1 linchpin. 

2 couples. 



1 rammer 
head. 



Hand Bill. 

Swingletree. 

Off Box. 



6 ROUND 
SHOT. 

8 2Hb. CAB- 
TBIDORS. 

1 cartouch. 



6 BOUND 
SHOT. 

8 2Hb. CAB- 

TBIDOES. 

1 cartouch. 



4 CASE 
SHOT. 



1 tube 

pocket 

with 

strap. 



100 fric- 
tion tubes 
in zinc 
cylinder. 

3 lan- 
yards. 
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Pick Axe. Water Bucket. 
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» ads, Loadhig Hole— 30. 



KEAB. OB BTOHT 
AXLETBEE BOX. 



1 set priming irons. 
1 sponge head. 



Camp Kettle. 



s 
^ 



c 

CO 



e 

u 

a 






CO 



V. 



-? 2 



13 =J 



Sag 

• S Jd 

CO cad 

£ 5^ 2 

C«ICO 



OS 



a> 



"(3 



'A 



OFF, OR LEFT 
AXLETBEE BOX. 



2 com. spikes. 

1 spring ditto. 

2 thumb stalls. 
2 spare tangent 

screw. 






a 

o 
•» 



Camp Kettle. 



2 Qttbines trapped In front, and Blankets, Blanket Covers, and 1 Cora. ^aj^Ka Q"cl >JBa 

Uda of the Ajnmtmitioa Boxes. 



88 PACKING BTOBES ON CARRIAGES. [PART T. 

FOR THE AMUOKITION WAGGON OF A fl-POUNDER CUH. 

Mode of Paciiag Animtaition and Siorti. 

Picket Dim. Felling Ait. Lihseb. UtUsg Jul:. Hud M. 

Grease Boi.csiiL a llM. lUiDnfRopti. EwMldMrM. 

Nub Box. OnBca. 



4™™OJIOABE. 


eKoimiHioT 


















epj^^^lld. 








Hi 


ulniOB » Shrap- 


sat lb. 
















imnoncb. 


■ 


Wuer 


Btukat. 





BOOY. 







pi 





uzilb. 

iQUlDDClL 



4 Reaping Hooks between Uie Braes. 


S BOtlD siior. 


„'i2^ 


in two Uere. ' 


wanb. 

Harloncb. 


so cmptT flannel 

idiiwmiw 
...mau^lL 



I • 
ill 



llic first line of viagBons only 
t Spiuv liiillc-- "— " " — '■ 



(he Waggons, und 

la front, End Blui! 

un Iht Um oi 



.ET 7.] 



FACKIira BTOfiES ON CARRIAGES. 
FOK A 24-PODNDER HOWITZER. 



ids of Packing Jmraaitiium and Stor«i belonging to the Sowitier, Carriagi, 



S oopla of lDslnictii>ik« for 0; 
UW tloMi 3 ditto dKllB; G ru 

ddfU; 1 bmi for wsdi and pLagi 



ttmuviLL, In 2 tten. 



a cgSsos ^k" } °PP™ "^'' 



I Fnu hole | diaptangm ) „ 
;iigB { K Shrapnel f " — " 



iFvH bole, cDmmon 
Loading bole, d 
jduBgm SbrapEiel 



HI 

HI 



I I 



ia-8 Ow.okLi 



S * 



3 Ibe. alow mstcli. 



190 PACKIHQ STORES ON CABBIAGBS. [PiRT.T, 

FOR THE AWMDKITION WAGGON 0*' A 24-POUNDEK HOWITZEll 



Mode of Padartg Ammutiitioa ami Stores. 



icurlonch, la M drai. bureUn. 
1 blue bux and 1 blu? bag, egcb 

HuapforfuiebM. 




lasHBAPBEi.lnStlcrs. 
e port&nt ea lid. 


Water Bucket. 





iw't 


poctel wLIb si™. 
idSofTlcUonlubtab 
DC cylindm. 


2ul»Ilui< 





8 \\^ 






8 Shfapui^L fUME. 


"rr'"r 



j;^= 


Hind Box.— 4 BoipiDg llouks )» 


t»-«Q .h^ Bo^c. 




ss ;|ISS.-.r.',..»!...:',t,. 


ISJtIb. 












« '.* 




burners. 






1 black bage, tadi contaliilDg , 


larloneh. 




«IM MsgBllU 


M each coBiaiulM 11 lbs. 










Cn 


mp Kptlle. Maiil. 


,,-u..., J^P, 


K 



Pi's? 
'ii 

w 

8 



pr Bars, i Fetches, ai 



carries Spire W 
ping HooL. 



ts. and Vaft\ip4 anitT Siffm^iir < 



PACKING STOKKS ON CARRIAGES. 
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FOR A 12-POUNDER GUN. 

de of Packing the Ammunition and Stores belonging to the 
Gun, Carriage, and Limber, 



Felling Axe. 
cont. 3 lbs. 

eabBox. 

3. oabtbcdges. 
: cartoQch. 
)rtfiTes on lid. 



(HOT; 2 needles; 
t; 2 ozs. worsted; 
; 1 setter ; l blue 
itaining 12 Shrap. 

1 scissors ; 1 strap 
3 box; 1 set fuze 
jid bits ; 1 funnel ; 
ictor; 2 keys; 1 

5 fuze sections; 
s Instructions for 

2 ditto for shells ; 
; 1 box of wads 
gs.* 



D SHOT, in 2 tiers. 



Limber. 
Pair Drag Ropes. 



9 
bo 

o 

o 
u 



MfD Box. 



6 SHBAPXEL. 

6 4 lb. 

CARTRIDGES. 

6 20 drm. bursters. 
1 cartouch. 



Hand Bill. 
Swiugletree. 

Off Box. 



9 4 lb. CABTIDGES. 



1 cartouch. 



3 CASE SHOT ; 1 tube pocket 
with strap; 100 friction 
tubes in zinc cylinder; 
3 lanyards. 



XT. 



6 ROUND SHOT, in 2 tlers. 



'ater Bucket. 



Pick Axe. Water Bucket. 



ize Hole - - 5 
)ading Hole- 5 
igHole - - SO 



o 






2 



Kettle. 






■^' • Si, 

5- S S 



in 



0) 



ft. ftS 

(N CO 



£3 



Ofp, or Left 

AXLETBF.E Box. 



1 pun. for shell; 


• 


2 for vents; 2 


t 


couples; 2 com. 


03 


spikes; 1 spring 


& 


do.; 2 th. stalls; 


is 


1 set pr. irons; 


*« 


1 drag washer; 


?? 


spare tan. screw 


.o 


and linchpin. 


M 



Camp Kettle. 



o 



3«ff Bimpped in front, and Blankets, Blanket Covetft, mx^^ CiwLi^asSRa 
on the Lida of the Ammunitlou Boxes. 
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PACKING STOBES ON CARBIA.GES. 



[part Y. 



FOR THE AMMUNITION WAGGON OF A 12-POUNDER GUN. 



Mode of Packing the Ammunition and Stores. 

Picket Line. Felling Axe. Limber. LifUng Jade Hand Bill 

Grease Box, cont. 3 lbs. Pair Drag Ropes. Swingletree. 

Neab Box. Off Box. 



I 



4 Shbapkel 
(below). 

1 skein of 
Marline. 

1 do. Hambro' 
line. 

1 blue box, con- 
taining 12 Shrap- 
nel fuzes. 

I strap fuze box. 



8 41b. 

CABTBIDGES. 

1 cartouch. 

6 BOUND SHOT 

(below). 



6 Shrapnel. 
8 41b. 

CABTBIDGES. 

10 20 drm. 
bursters. 
1 cartouch. 
portfires on lid. 



0.& S 

•H pH « 



8 4 lb. 
CABTBIDGES. 

1 cartouch. 

6 BOTTND SHOT. 



8 41b. 

CABTBIDGES. 

1 cartouch. 

6 BOUND SHOT. 



1 tubepodket, 
withstnp. 

SObnuMtobes 
in zinc cjliaie. 

4 OAOBflBOT. 

50 Mctkn tabes 
in dnc cyUnder. 



I 



Water Bucket. 



Pick Axe. 



Water Bucket. 



I ^ 

I a 

Spare Wheel 
{on P| erdi), 
FoBB Box. 



3 

« 

a> 
"S 

"5, 

s 

8 



% 

r CO 






00 



BJ « O 

■S^ o ^ 
*> a "O 



4 ROUND SHOT 

(below). 

4 8HBAPNEL 

(above). 

50 

empty flannel 

cartridges. 

A blue bag 

containing 12 

Shrapnel fuzes. 



12 4 lb. 

CABTBIDGES. 

12 20 dmi. 
bursters. 

1 cartouch. 

8 SUBAPNEL. 



12 4 lb. 
CABTBIDGES. 



1 cartouch. 



8 BOUND SHOT. 



t 

Is 

I- 
5 o 

B 



10 

H 
a 

t 



V. 

2 



^1 



Hind Box. 
4 Reaping Hooks between the Boxes. 



.s V 









•a j3 



12 41b. 

CABTBIDGES. 


12 4 lb. 

CABTBIDGES. 


1 cartouch. 


1 cartouch. 


8 BOUND SHOT 

(below). 


8 BOUND SHOT 

(below). 



Spare 
sponge head. 
Do. rammer. 

6 lbs. 
slow match. 

8 HOLID SHOT, 

in 2 tiers. 



o ^ i» 



SB r 



? 



I 
i 



2 Grease Mags., each cont. 14 lbs. Box, cont. 10 sets of Horse Shoes and pro.of N«ll* 

Camp Kettle. Maul. Camp Kettle. 

The first line of Waggons rmly carries Spare Wheels, Hand Saws, and leaping Hooki 
4 Spare SpJinter Bars, 2 Perches, and 4 pairs of Shafts, per Battery, are dlBtributcd 
among the Wugg()nR, and \a«\\eCi \MvOitT VYitm ^v^t transport. 
2 Carbines strapped in front, and B\ankela,ft\«u>uiVCoN«>x%,w\^'kQtoTa.%»iai^%tn«ped 

on the LldB ol tiie kmmvxuVVioxx'Boxwk. 



^T T.I PACKINO aXOKES OH CAREIAflES. 

FOR A 32.POUNDEE HOWITZER. 



FtlUng Aie. Fair Dng Rapss. 

nue Box, ixml- 3 Lbs. ProLouge, 



• Thta Boi Ovm^d ooa 
1 bine box, cooUlnlDg 12 Slinp. 
aifi; 1 mtllet; 2 tannclg; 2 ih 


^n.ln 
tawm; 


adiu™,UM) 

tor fti» 
(Uingfni 
Uona; dr 


following SlotWi— 
xii ; S copies of loitnicllnnB for 

vei 1 tube podttl wltb strap ; 3 
■itia; i boxM for nad> luid pLoga. 








ill 

iW 










londingholc, 
. dlBpbnn.Shrapoel — • 

S loadiE^toST"™ 

dUphita. Shrapnel — es 


nnBoi. 


1 
1 


1 




Off. oh Left Ail& 


iSr-- 


31bs,slownuitcli. 


1 punch for ihelta. 

2 puDcbu for vtnls. 

1 spare langonncrfw. 

1 Ibumb alalli. 


IMpcfmlngtroD.. 




i1 


il- 




CkDpKMtto. 




1 „ 






Cuop Keltic 



eOWITZEK. 

fiuBt JUKI Slank^U, Blanket CoTcn. BnA 1 Cora dac'b w 
Ltoo/UieA, "■- " 
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PACKIKG STORES ON CABRIAGES. 



[part v. 



FOR THE AMMUNITION WAGGON OF A 32-POUNDER HOWITZER. 



Mode of Packing the Ammwutwn and Stores. 



Picket Line. Felling Axe. 
Grease box, containing 3 Ibe. 
Neah Box. 



LnfBEB. Lifting Jack. Hand BIIL 

Pair Drag Rcqws. Swingletree. 

Off Box. 





1 skein of 


12 3lb. ! Blue box, con- 




marline. 


CAB- 1 taining 13 




Do. Ham- 


TRiDGES. Shrapnel fhzes. 


_. bro' line. 


1 fuze box 


^ 6SHBAP- 


10 40drm. ■ strap. 


2 1 NEL, in 


bursters. 4 shbapxel. 


90; 2UerB. 


j in 2 tiers. 


1 


1 cartouch. • 2 common 




' case. 




' 6 portfires- 


- - on - - - - Ud. 

1 



I 



Blade box. 
! containing 
! 10 common 
ftuses. 



GOOMMOX 
SHELLS, 

in 2 tiers. 



13 31b. 

CAS- 
TBIDGBS. 

12 180Z. 

Imrsters. 
1 cartoncb. 



Tube pocket 

withstnfL ' 

50 frictkn tabes. 

andastnas 

tubes in sine 

cylioden. 

eooMMOV 

8BSLL8,in' 
2 



Bucket 



Spare 
on(J*e 



X Pick Axe. 



Wftter Bucket 



04 



WheeL 



BODY. 
Fore Box. 



a 

o 
to 



^ 



O 09^ 

a « o 

■a £ c 

■S o o 

0(M O 

-Oft 
>< 09 O 

So "O 

5a. § 

ii~ — ' 
-^ *- 



1 blue bag, con- 
taining 12 
Shrapnel fuzes. 

6 SHBAPNEL, in 

2 tiers. 



9 3lb. 


6 31b. 


CABTBnXSES. 


CABTBIDGES. 


1 cartouch. 




6 SHBAPNEL. 


1 cartouch. 


12 40drm. bursters. 




50 empty flannel 


3 18oz. bursters. 


cartridges. 


3 COMMON SHELIJf). 



I 



Hind Box. 
4 Reaping Hooks between the Boxes. 



F 



It 






Xi CO 



c 

Ui 
9i 



T3 



6 31b. 

CARTRIDGES. 

1 cartouch. 
3 180Z. bursters. 

3 COMMON SHELLS. 

6 lbs. - - 



9 3lb. 

CARTRIDGES. 

1 cartouch. 
10 18oz. bursters. 

6 COMMON SHELLS. 

- - slow - - 



2 black bags, 
each containing 
10 common fuzes. ; 

4 COMMON SHELLS, | 

and 2 carcasses, 

in 2 tiers. 

1 linchpin. 

2 couples. I 

Drag washer, i 

- - match. i 



III 

J 2,8 
sg * 

SSI 

IS sag 

^'-^ 

O * 
c* 

PCS 

<5 

S 

B 

•a 
« 



2 Grease Mags., each containing 14 lbs. 



Box, containing 10 sets of Horse-sboes 
and proportion of Nails. 
Camp Kettle. Maul. Camp Kettle. 

The first line of Waggons only carries Spare Wheels, Hand Saws, and Reaping Hooka. 
4 spare Splioter Bars, 2 Perches, and 4 p&\T« of Shafts, per Battery, are distributed 
among the Waggons, and \a&\xeA wu^et \3Ckfcm ^ot NxvckW^tU 
2 Qirbiaes strapped In front, andBVa\\)teXa,'B\iff^«X.^^«t%,wA\^Vsw^^i»d» 
strapped on the L\da ot tive KmtCLUxiLVVVQtt'BwwA, 



PABT v.] PACKIBa ST0EE8 OM CABKIAQES. l! 

FOR AN 18-POONDEK GUN, ON BLOCK TRAIL CARRIAGE, 



QnueBoi, conLStba. FdllngAn. 



il>l«£l>a.«nt.e 

[iiigi,™t.4fnH 
£oleplnp«id« 

lOo'lMcUra tntej 
In Hod i^Under. 

a ncedlM. 

aluifordB. 
fljrinBfgzEa. 

adlttOfOTBhQllB. 


Biells.™ 
tarliiagt*. 





3rDona^ol. 






ScseeBboL 




enraiuJ 


: wood Uugcnt 




la e lb. 


1 fure Bigbt. 
! ilBhi wmicb. 


1 


I «rU)uch, 


1 knife. 

a punchea for yml. 

2l»iniIIDUBpllU8. 








If I 



3q 
^1 
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PACKING STORES ON CABBIAGES. 



[PAKT V. 



FOR THE AMMUNITION WAGGON OF AN 18-POUNDER GUN. 



Mode of Packing the Ammunition and Stores, 



LnCBEB. 

1 Picket Line. 
Grease Box, cont 3 lbs. Felling Axe. Lifting Jac^. 
Near Box. 



Hand Bill. 
Off Box. 



Swingletree. 





3 roond shot 






3 grape shot. 






1 fuze box, 


6 common shells. 




containing 8 






common fazes. 


12 6 lb. cartridges. 


•3? 


1 fuze bok strap. 






50 friction tubes 


6 10 oz. bursters. 


1. 


and 




10 brass tubes 


Icartoucb. 




in zinc 






cylinders. 


4 portfires on lid. 




1 tube pocket 






and strap. 





'^t& 



Mid 
Box. 









u 






t 


S 


t 


a 
"5. 


<t-t 


4S 




is 




! 




•-4 


"* 





6 round shot 


3 roimd shot 




3 case shot. 


12 61b. cartridges. 


1 skein of 
marllnft 


1 cartouch. 


1 Bkein of 
Hambxo'Une. 



Water Bucket. 






Pick Axe. Water Bucket 



H 

.&)are Wheel 
Con l\erch\ 

BODY. 
FoBE Box. 






^ op o 

sei 

o ^ >- 

ft p. 






6 round shot in 


4 i)ortfires 


on lid. 


2 tiers. 








6 common shells. 


6 round shot. 


1 black bag, 






containing 8 


9 6 lb. cartridges. 


9 6 lb. cartridges. 


common fuzes. 








6 10 oz. bursters. 


1 cartouch. 


4 lbs. slow match. 


1 cartouch. 





p tr t* 
S2.g,ff? 



Hind Box. 



6 roun ot 

9 6 lb. cartridges. 

1 cartouch. 



/ 



6 round shot. 

9 6 lb. cartridges. 

1 cartouch. 



6 round shot in 
2 tiers. 

1 rammer head. 

1 sponge head. 

10 empty flannel 
cartridges. 



00 

I 



2 Grease Mags., each cont 14 lbs. Camp \LeU\ft. ^wv\, CAm^Kettle. 
2 spare SplinteT Bars, 1 spare Perch, and 1 pa.Vt ol ^Va^ft SoaS* va »»«c^^«* 
distributed among the Waggons, aMVasflne^xflAct \XMmVst\x«sa.va^ 
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PACKING STORES ON CARRIAGES. 
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12-POUNDER ROCKET CARRIAGE. 



Mode of Packing. 



1 FeUing Axe. 
1 Grease-box, cont 3 lbs. 



Limber. 
Pair Drag Ropes. 



1 Swlngletree. 

6 Portfires on lid. 
1 Hand BlU. 



► 
o 



22 rockets. 

1 canvas cartouch. 
60 bursters. 

6 portfires on lid. 



22 rockets. 
1 canras cartotich. 
60 bursters 



I 



1 Water Bucket. 



iPiok 



1 Water Backet. 




9 




^ 




a> . 


i 


w? 


Si 


ft 


g 


3^ 


s 


•-• 






Box, containing 10 sets of 
Horse Shoes and a 
proportion of Nails. 
2 couples for traces. 
1 Lfncb^. 
1 Drag Washer. 
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PACKING STORES ON CARRIAGES. [PART V. 



6-POUNDER ROCKET CARRIAGE. 



Felling Axe. 

6 Portfires on Lid. 



Pair Drag Ropes. 



> 
o 



44 rockets. 
1 canvas cartoucb. 
108 bursters. 
6 rocket leaders. 



1 Swingletree. 
6 Portfires on Lad. 
1 Hand BUI. 




44 rockets. 
1 canvas cartonch. 
108 bursters. 
6 rocket leaders. 



g. 



1 Grease Box, containing 
3 lbs. grease. 

1 Water Bucket. 



iPick 

to 

Q 



Axe. 

i 



1 Water Bucket. 



4> 












9 fr; .to 

o a> fl a 

P w 9 °*' t s o 

CO 00 ca ^t^ o 

l-( « i-H l-( « i-H 



2 Portfire Sticks 



o 



(O 



H 

8 












s ? s 



OQ 



0) 

.a 



eS ^ 



1 -S 



^ 



S 

H 



(J 

CO 



CO 

i-H 




Horse Shoe "Box., ww\a:m\a% 
10 Beta ot SfcioeB oaA a^^xo- 
poillou oi "^aWa. 



PART v.] PACKING STORES ON CARRIAGES. 19^ 

SMALL ARM AMMUNITION WAGGON. 



Mode of Packing the Ammunition and Stores, 



Limber. 

1 Lifting Jack.. 

1 Picket Rope. 

1 Pair of Drag Ropes; 
1 Felling Axe. 1 Swingletree. 

1 Grease Box, containing 3 lbs. 1 Hand Bill. 



•3 

> 
o 



12 Ammnnltion Boxes, each containing 480 rounds of small- arm 
ammunition, viz. : — 

A -.^ B 

Cartridges, ball, 1853 pattern, 2i drams 5.760 
Caps, Percussion ----- 8,640' 
Boxes, zinc, for ditto - - • - 12' 

Note. — ^ only 8 boxes are carried, the partition A B is re- 
quired in its pUux ; when not u,sed, it is carried on the top 
qf the ammunition boxes. 



09 

1 
A 



1 Water Bucket. 







1 Pick Axe. 

1 Water Bucket. 






24 Amm9nition Boxes, each containing 480 rounds of small arm 
ammunition, viz. : — 

Cartridges, ball, 1853 pattern, 2i drams 11,520 

Caps, Percussion 17,280 

Boxes for ditto, zinc . - . . 24 

2 pairs of pack saddle ladders on lid. 



2 Grease mags., each containing Box, containing 10 Sets of Horse Shoes with 
14 lbs. proportion ol SaWa. \\:vm3£S^\\v. 

1 Drag Washer. 1 CoM^^es. \ot TTaKsa. 
1 Camp Kettle, 1 Maul. \ Owco^VwaV^^ft- 



P&CEING arOBES ON GARBIAQES. 



[part V, 



FOR THE STORE WAGGON OF 1 
1 Camp Keltl* (DDder). 



rorWhpeleri:— 
Botta, Tlre.vltliinllBiii 
Cnrda, Forage. 




Watat, Snord Belt . 

J Sword Belt . . . ■■ 

" • ■ iSol|KBIll, . . . * 

* ■ i Traced . . . .. < 

:e ...-..., jrU. II 

ig. Sbeep. bluk " 

I Ikes' lb). ■ 

' iunick 



PART v.] PACKING STORES ON CARRIAGES. 

12-POUNDER ARMSTRONG GUN BATTERY. 

1 Shovel. 
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I 




l-«b9 0»M 






a a 

5^ 






^ 



e oo 



'I 

I- 

■-1 o 

Cob 

eg- 






3- Dag 






f 



i 



Shoe. ^ 



tainlE 


ST 


8<n 


1 


•gs 


g" 


sets 
rtion 


1 

r 


S»2. 




^n 




II 





1 Linchpin. 

1 Washer. 

2 Conples for Traces. 



Remaining part of set of Iron- 
worlc, consisting of 

(First portion in Spare 
Own Carriage), 

Tnuiniou Hates .... 2 

Capsquares 2 

Bands for Axletree bed . . 2 

Saddle Metal 1 

Traversing Screw for ditto . 1 

Lever, iron, for ditto ... 1 

Plate for turning in Fuzes . 1 

Screwdriver l 

Keys for Capsquares ... 4 

Socket Metal for spare Vent . 1 

Bolts of sorts 12 

Spring Locks, with keys (in 

case) 6 

Collar Maker's Tools packed 

in Trays, sets .... 2 

Coppers* Breech .... 4 

Rings for Venipiece ... 4 

1 Spade. 



8 E 

^ a 

B. ;> 

CO • 



9 


g: 




s* 


s. 


<^ 


9 M 


•ji 


OfB 

liar 


1 




|- 


s* 


c^ 


^ 


r 


CD 




H 


SS 


1 


i 



OQ 

1 

O 

1- 



g 
td 



V 




1 WBter 


ucket 


1 
S 1 


ii 

1' 


IWnle 


r Bucket 


Ml 




1 1 


II 


\ 


■ 


ICuup 
KMlle. 


1 



PART v.] PAOKING stores ON CARRIAGES. 

FOR THE FORGE WAGGON OF A 12-POUNDER 
ARMSTRONG GUN BATTERY. 
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Mode of Packing the Stores. 



1 Felling Axe. 
1 Grease Box, oont 3 lbs. 



LiMBEB. 



1 Swingletree. 
1 Hand BiU. 



o 



iCamp 

Kettle 

(tinder). 



Veterinary surgeon's implements 




Smith's tools, set 




Tools, special set 




Facing implements, set . . . 




Stocks and dies, set ... . 




Cloths, emery, sheets .... 


. 18 


Emery, fine, lbs 


. 2 


Coppers, breech 


. 6 


Rings, copper, vent-piece . . . 


. 6 


Bouches, vents, sets .... 


. 2 



CQ 



1 Pick Axe. 



1 Water Bucket. 



Box, oont 10 sets of 

Horse Shoes and a 

proportion of Nails. 



1 Water Bucket. 

IBolt finch . . 
Square{J^f 
Steel blister, flat2x^ 10 



lbs. 

28 

28 

28 

56 

28 



Vice. 

Linchpin. 

Washer. 

2 couples for 

traces. 



Farrier's chest (on top). 

Anvil block. 



> 



CO 



V 

« 



«• 1 Camp 

a Kettle 

* (under). 

I 



8 

a 
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FORAGE WAGGON. 



1 Swingletree. 



1 Lashing Rope. 

2 Tents in Bcups. 

2 Oonples for Traces. 
1 Washer. 
1 Linchpin. 



Drag I Shoe. 



1 Water 
Bucket 
(under). 



1 Camp Kettle. 

2 Bags with Tent Pins. 

1 Pi(&et Rope. 



. 






s 












o 






0^ 






■*d 


• 




§3 


1 




H 


8 




c« 


xi 
to 

-3 

1 


■ 


^ 




Q> 






to 


o 




p^ 


€ 




i^ 


iH 




1 spare 



1 Water 
Bucket 
(under). 



«j 



1 Grease Box, cont. 3 lbs. 
2 Felling Axe. 



1 Spate 'WViefcY. 
1 Hck Axe. 
lllLa\)l. 



1 Grease Box» cont. 3 lbs. 
1 Hand Bill. 
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MEDICINE CART. 



I Grease Box, con- 
taining 3 lbs. 
Grease. 



1 Water Bucket. 
1 Three Men Kettle. 



Box, containing 
1 Spare Spring, 1 
Spanner, 1 Brass 
Tap, 1 Linchpin, 
I Washer, and 2 
Couples for Traces. 




I 

§ 



1 Water Cask 
(under). 



STORE CART. 



Swingletree. 



1 Grease Box» 

oonttdning 

3 lbs. Grease. 



1 Ounp Kettle 
(under). 



/ 



2 (}ouples. 
1 Linchpin. 
1 Washer. 



i Wr&kbb. 



i 
I 



1 Water 
Bucket 
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PAET VI. 



AEMSTEONG GUNS. 

LAND SERVICE. 

EXTRACTED FROM " OBSERVATIONS ON THE GUNS, CARRIAaES, AND 
AMMUNITION ; WITH INSTRUCTIONS FOR THEIR CARE AND USE." 
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llO-Pr. 


40-Pr. 

1 


20-Pr. 
1 


12-Pr. 
1 


9-Pr. 
1 


6-Pr. 


Barrel 


1 




Breech Screw 


1 


1 


1 


1 


1 




Tappet Ring .... 


1 


1 


1 


1 


1 




Lever 


1 


1 


1 


1 


1 




Keep Pins .... 


2 


2 


4 


4 


4 




Vent-piece .... 


1 


1 


1 


1 


1 




Saddle, with Tightening"! 
Screws . . . ./ 


1 












X 












Breech Tangent Rings . 




1 


1 


1 






Tangent Sights . 


2 


1 


1 


1 


1 




Trunnion Sights . 


2 


1 


1 


1 


1 




Ratchet Sight . . . 






1 


1 






Point Blank Sight . . 














Dispart Sight 






1 


1 






Elevating Eye and Bolt,^ 
with Pin . . . . / 






1 


1 










■L 


J. 






Plug for Oil-hole . . 






1 


1 






Dnp Plate, and Screws . 








1 







Description op the Armstrong Gun and Fittings, with 
Explanatory Remarks on the use, and working op the 
different parts. 

3. Qtm. — ^The gun consists of the barrel, the breech piece, the 
trunnion piece, and the coils. 

4. -Barr^.-^The barrel contains the bore, the powder and bullet 
chambers. The bullet chamber and bore are rifled. The powder 
chamber is not rifled, but is of a larger diameter than the bullet cham- 
ber ; and the latt^ is again larger than the bore. 

The barrel is made fi^m wrought-iron bars, of a rectangular section. 
These bars are wound round a mandril, forming coils, varying from 
18 to 30 inches in length ; and are afterwards welded together until 
the required length of barrel is obtained. 

The barrel is then boi'ed and turned, ready for the reception of the 
layers of coils. 

5. Breech piece. — ^The breech piece is a cylinder (made from a solid 
wrought-iron forging) bored, turned, and shrunk upon the end of the 
barrel. It contains an internal angular thread, in which the breech 
screw works. 

6. IHmmon, Wrought iron, — The trunnion piece is made from a 
solid forging, and after being bored and turned, is shrunk m \\s> /^^fift 
on the gun. 

7. CWfr. — Tie coils are made accoixiing to their xes^clVvfe ^«xsve\KR. 
and JeDgtbs, ia a similar manner to the coils of t\ie VsatteV*, ^Scvej «t^ 
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then bored, turned, and shrunk on the barrel, and the other coils, 
according to the various natures of guns. 

Ohapteb III. — Explanatory Observations on the Ammunition 

FOR Armstrong Gcns. 

42. Cartridges. — These are made of serge, and are filled with R L. G. 
A^ powder. The 40-pounders and smaller natures are made up with 
Boxer's lubricators choked in them, but the 64-pounders are made up 
with the lubricators separate, in order to economize magazine space as 
much as possible, paper sockets being fixed in the choke of the cartridges, 
for the purpose of attaching the lubricators. The quantity of powder 
in these cartridges is the same for shot and shell. 



Quantity op Powder 


IN EACH Nature op 


Cartridge. 




?-inch 
Gun. 


40-Pr. 


20-Pr. 


12-Pr. 


9-Pr. 


«-Plr. 


(Shot . 

^""* • {sheU . 

Exercise and S&A 
lutes . . ./ 


12) 

• • 


5 

* . 


2J 

• • 


1 


11 

• • 


i 

• • 



Lubricator, Boxer's, consists of a disc of milled board, a thick felt 
ring, and an air-tight vessel of very thin copper, filled with equal pro- 
portions of gi^ease and oil. 

tubes. 

43. Friction Tubes, Copper, — ^These tubes are used in all natures of 
Land Service Armstrong guns, as for smooth-bore ordnance. 

44. Primers are used with the 64-pr. and 40-pr. guns, and are in- 
troduced into the hoiizontal portion of the vent in the vent-piece. 

Their service is to carry the fire readily from the friction tubes to 
the cartridge, the length and form of the vent holes being such that the 
fiiction tube alone will not readily ignite the cartridge. 

45. Projectiles. — These are of three natures, viz., solid shot, com- 
mon shell, and segment shell. 

The Solid Shot are simple iron castings, covered with a lead coating, 
of diameters suited to the bores of the various natures of guns. 

The Common Shell are hollow castings, prepared for the reception 

of a bursting charge of powder, and are open at the conical end, into 

which the plug or fuze is screwed. This nature of shell has a lead 

coating similar in every respect to ttiaV oi\Xv^ wM %\vQt'^ the fazB holes 

of all common shells are of the Q«ivera\ Sw\v» ^>3l^. 
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J%e Segment Shell consists of thin cast-iron cylinders, enclosing a 
series of segments of the same metal, cast separately, and built upon an 
iron disc, and the segments are held together by lead being run into 
the interstices between the segments. The form of the outer portion 
of the lead in this shell is the same as that of the solid shot and com- 
mon shell. A small bursting charge is used with these shells. 

46. The fuze holes of the 7-inch for G. S., 64-pr. and 40- pr. shells, 
as well as the 20-pr. common shells, are of the General Service gauge, 
and those of the other natures of guns are of a smaller diameter. 

The following is a tabular statement of the bursting charge of the 
shells: — 

CJoMMON Shell. 



Designation. 


Iio-Pr. 


40-Pr. 20-Pr. 

1 


12-Pr. 9-Pr. 

1 


6-Pr. 


Mean weight ofl 
shell . . ./ 

Bursting charge . 


lbs. 
98 

8 


lbs. 1 lbs. 
38^ ! 20^ 

1 


• • • 


• • 
••• 




Total weight, ex-^l 
elusive of fuze ./ 


106 


41 


21J^ 


• • 


• • 


• . 







Segment Shell. 












llO-Pr. 


40-Pr. 


20.Pr. 


12-l»r. 


9-Pr. 


6-Pr. 




lbs. 


lbs. oz. 


lbs. oz. 


lbs. 


oz. lbs. oz. 


lbs. 


oz. gre. 


Weight of shell 


98 


39 


19 10 


10 


O j •• 


5 


2 220 


Bursting \ 
charge . / 


3 


10 


u 





1 





132 


Total Weight,! 


















exclusive on 


101 


41 10 


19 llj 


10 


8 J .. 


5 


2 352 


fuzes • j 


















Number ofj 


















segments in I 


112 


72 


72 


48 





. • 




30 


shell . . J 


















Each segment 


3ioz. 


^ oz. 


If oz. 


n 


oz. 


. • 




1 oz. 



Note.— The bursting charge of 20, 12, 9, and B-prs. is contained in an iron 
cylinder, the weight of which is not here included.- This, with the concussion. 
KoA time fuzes, brings up the weight. 

47. AJJ the common shells, 7-inch, 64-pr. and 40-ipT. «esnv«\\.^^"5», 
an £JJed with powder in the ordinary manner, y\z.,^Q^^^^V^^^^^ 
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in calico covers, if for Field or Si^ service, and from loose powder if 
for Garrison, or Sea service. 

48. The segment shells for the smaller natures, viz., 20-prs., 12>pra., 
^-prs., and 6-prs., are each charged with a burster, containing powder, 
and a special one is used for each nature. That for the 20-pr., 12-pr., 
or 9-pr. is made from wrought-iron tubing, but of different lengths, 
whilst the 6-pr. is made of cast iron. To keep the burster in its place 
until the shell is required for use, a wooden plug covered with serge is 
placed between the burster and the gun metal fuze hole plug. 

49. Loaded shells should never be fired with less than the authoiized 
bursting charge, as premature explosions may occur when the guns are 
fired. 

50. The proportion in which shot and shell is supplied for practice 
is about two-thirds shot to one-third shell. No scale of proportion for 
practice has yet been fixed for other than 12-pounder batteries. 

51. Fuxes are of two kinds, viz., time, and percussion. 

52. The Time Fuze is used for all natures of guns. As the faze 
holes of 7-inch and 40-pr. shells and the 20-pr. commmi shells, in 
order to receive the pillar fiize, are lai'ger in diameter than those in the 
smaller natures of shells, adapters are issued with the time fuzes, which 
-enable them to be used with these shells. 

The time fuze is ignited by the shock it receives when leaving the 
gun, and the moment at which the shell is required to explode is regu- 
lated by the set screw and settle, divided off into divisions corresponding 
to inches and tenths of elevation, around the periphery of the fuze. 
When this fuze is screwed home in the shell, it projects from it, and 
therefore does not permit of the shell being packed in the boxes; 
besides, by leaving the fuze in the shell, a great risk would be run of 
explosion from any accidental blow or fall. 

53. Adapters. — The adapter consists of a brass collar, screwed on 
exterior of fuze, and made to fit the fuze hole in the shell. 

54. Ttic Percussion Fuze is used only with the 20-pr., 12-pr., 9-pr., 
and 6-pr. segment shells, and when in position for firing, it is between 
the burster and the gun metal screwed plug, or time fuze, if a time 
fuze is used. 



Chapter IV. — Armstrong Field Guns. 
Standing Drill, 

6B. The detachment, consisting of one non-commissioned officer and 

eight gunners, is drawn up two deep in rear of the gun, and told off 

from the right. The even numbers in the front rank and the odd 

ii umbers in rear, with the exception of No. 1, who falls in on the left 

of the front rank, 

la numbering off the detacVimemt, '^oA \A2&s&^\k\«sAtQ his front 
with his left foot, and faces to Oie i\^U, 
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Position, and General Duties when in Action, 

No. 1 stands on the right side of the gun, between the breech and 
wheel, points, commands, and adjusts the fuze. 

No. 2 stands on the leflb side of the gun between the breech and 
wheel, takes out, and puts in the plug of the water bucket, screws up. 
and unscrews the breech, puts in, and takes out the vent piece, make» 
ready, and fires. 

No. 3 stands one yard in rear of and covering the right wheel, ships, 
and unships the handspike, puts in the i^ell and cartridge, and traverses 
(when necessary) with the hand^ike. 

No. 4 stands one yard in rear of and covering the>left wheel, sponges, 
and I'ams home. 

No. 5 stands five yards in rear of the right wheel, and supplies 
No. 3 with ammunition from No. 7. 

No. 6 stands in rear of the off limber box, prepares and sei*ves out 
ammunition to No. 7. 

No. 7 stands ten yards in rear of No. 5, and supplies him with 
ammunition from No. 6. 

No. 8 stands in rear of the near limber box, and assists No. 6. 

No. 9 attends the ammunition waggon. 

Words of Command. Action. Load. Shell. Cartridge. Home. 
I%e gvn having been accurately laid. Ready. Fire. Cease firing. 

Changing Rounds when in ** Action.'* 



No. 1 becomes No. 3 


No. 8 becomes No. 


6 


„ 3 


>» 


» » 


„ 6 


♦» »» 


4 


„ 6 


»» 


„ 7 


„ 4 


a it 


2 


„ 7 


»» 


„ 9 


„ 2 


>» J> 


1 


,, 9 


»> 


„ 8 












No. 2 changes by the front. 






Changing 


Rounds when the Gun is limbered-up. 




No. 2 becomes No. 4 | 


No. 9 becomes No. 


7 


,, 4 


»» 


„ 6 


,, 7 


»» »» 


5 


,. 6 


>♦ 


,, 8 


„ 5 


»» »» 


3 


„ 8 


>» 


,, 1 


„ 3 


»» »» 


2 


„ 1 


»> 


V 9 









Form the Order of March. — Left Face. — At the word, — the detach- 
ment being formed two deep in rear of and facing the gun, — No. 1 
gives the word to face to the lefl, fiices with the detachment, steps to 
his left, and heads the rear rank. 

J)oii}le March, — No. 8 countermarches to his right, followed by 
the remainder of the front rank, and doubles up on the right of the 
gun. No. 1 wheels to the right, followed by the rear rank, sM xck^-^^ 
Dp on the left of the gun. 

Positions,— The odd numbers stand on t\ie \e{t, tSnft c^«v <sa 'Oofc 
ri^t side of the gun, in the following order : — 
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Nos. 2 and 3 in line with the azletree of the gun carriage. 
Nos. 4 and 5 in line with the centre of the trail. 
Ko8. 6 and 7 in line with the axletree of the limber. 
,Kos. 8 and 9 in line with the splinter-bar. 
The numbers stand covering one yard dear of the wheels. 
No. 1 stands in line with the point of the near shafi, and two yards 
from it. 

Drill with diminished Numbers. 

2 Nos. 

No. 1 commands, lays, serves ammnnition, makes ready, and fires. 
No. 2 sponges, rams home, takes oat, and pats in vent>piece, screws 
up, and unscrews the breech. 

3 Nos. 

No. 1 commands,. lays, makes ready, and fii-es. 

No. 2 unscrews the breech, takes out the vent-pieoe, sponges, and 
rams home. 

No. 3 serves ammunition, puts in the vent-piece, and screws up the 
breech. 

4 Nos. 
No. 1 commands and lays. 

No. 2 screws up, and unscrews the breech, puts in and takes out the 
vent-piece, makes ready, and fires. 

No. 3 serves ammunition, and traverses with the handspike when 
necessary. 

No. 4. sponges, and rams home. 

75. Drill for 40-pounder, and 20-pounder Armstrono Gdns, 
mounted on travelling carriages, on ground platforms, 
AND Firing through Embrasures. 

One non-commissioned officer, and nine gunners. 
^ , . The detachment is told off as for drill with Aimstroug 

Tellina off ' ^^^^ ^^"** 

^ •^' The detachment is marched into the battery and 

halted to the left rear of the gun to be served, as with the coomion 

heavy ordnance, 

Taking post under cover is perform(«d as with the ordinary gun, the 

T k' P t ^^^^ diffeience being that the front rank (the even 

*^ * numbei-s) are on the left side of the gun, the rear rank 

(the odd numbers) on the right. 

No. 1 points, commands, and regulates time fuze. 

General Duties. No. 2 attends vent-piece and breech screw. 

No. 3 assists 2, and loads. 

No. 4 sponges, rams home, and traverses. 

No. 5 sponges, rams home, and traverses. 

No, 6 bands sponge and rammer to 4, mv^ e\«v«\fc&. 

No. 7 supplies 3 with wad and caitn^e^wAteft. 
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No. 8 supplies cartridges from the magazine, and assists 9 in pre- 
paring shells. 

No. 9 assists to prepare shells, brings them up, and gives them to 
No. 1. 

No. 10 fixes lubricator to cartridge, and serves out ammunition. 

The first seven numbers run up. 

In changing roundf 
1 becomes 10 



10 


j> 


9 


9 


i» 


8 


8 


5» 


6 


6 


» 


4 



4 becomes 2 

2 „ 3 

3 „ 5 

5 „ 7 
7 „ 1 



Chapter V. — On Range, Elevation, and Deflection. 

77. It should be observed that for certain reasons a constant 
elevation of 6' has been given on the sights of the Armstrong guns of 
all calibres. 

The ranges recorded in the following tables are therefore virtually 
those due to the apparent elevation plus the constant 6' given as 
described. In every case the gun is supposed to be pointed at the 
object intended to be struck, and the elevation is what should strike 
that object. The ranges therefore are not, as heretofore usual, ranges 
to the fii*st graze on the plane. 

78.— 7.INCH ARMSTRONG GUN. 

Table of Ranges with Solid Shot^ Common or Segment Shells for 

charge lllbs. 

(Weight of shell filled, 98 lbs. Bursting charge, 8 lbs.) 

Weight of Gun, 81 cwt. 1 qr. 4 lbs.— Length, 10 feet.— No. of 

Grooves, 76. — Chaise, 12 lbs. — Spiral, 1 turn in 37 Diameters. 



Elevation. 


Allowance for 
constant Deflec- 


Range. 


Time of 
Fliglit. 






tion of the Gun. 




Remarks. 


Degrees. 


MinuteH. 


Minutes. 


Yards. 


Seconds. 




oi 


• • 


7 Right 


280 


1-0 




1 






5 ,, 


510 


1-7 




2 






4 ,, 


920 


3-0 




3 






2 ,, 


1290 


4-4 




4 






1 ,. 


1620 


5-6 




5 






1 Lefl 


1950 


6-7 




6 






4 .. 


2260 


7-8 




7 






6 ,, 


2580 


8-9 


\ 


8 






9 ,, 


2880 


\ \0-0 \ 


.. / 


• 


. 12 ., 


3180 


\ "^^-^ \ 


• 


■ 1 


J5 ,, 


3500 


\ Vl-'l \ 
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79.— 110-POUNDER ARMSTRONG GUN. 

Weight of Gun, 81 cwt. 1 qr. 16 lbs.-— Length, 10 feet.— No. of 
Grooves, 76. — Chaige, 12 lbs. — Spiral, 1 turn in 37 Calibres. 

Table of Bctnges. 



Elevation. 


Allowance for 
constant Deflec- 
tion of the Gun. 


Range. 


Time of 
Flight. 


Remarks. 


Degrees. 


Mlnates. 


Minutes. 


Yards. 


Seconds. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 






1. 


300 
560 
1010 
1420 
1770 
2120 
2430 
2740 
3050 
3360 
3670 







80.— 40-POUNDER ARMSTRONG GUN. 

Table of Ranges with Solid Shot, Common or Segment Shell. 

Weight of Gun, 32 cwt. 2 qrs. lbs.— Length, 10 feet. — No. ot 

Grooves, 56. — Charge, 5 Ite. — Spiral, 1 turn in 36^ Calibres. 



Elevation. 


Allowance for 
constant Deflec- 


Range. 


Time of 
FUght. 






tion of the Gun. 




Remarks. 


Degrees. 


Minutes. 


Minutes. 


Yanls. 


Seconds. 




OJ 




7 Right 


400 


1-2 




I 




5 .. 


620 


1-9 




2 




3 ,, 


1020 


3-1 




3 




2 .. 


1400 


4-3 




4 




1 ,, 


1760 


5-4 




6 




1 Left 


2120 


6-5 




6 




4 .. 


2500 


7-8 




7 


• • 


7 .. 


2800 


8-8 




8 


9 ,, 


3120 


9-9 




9 / .. 


13 ,, 


\ ^^^^ 


V U-0 




10 / .. 


15 ,, 


\ ^^^^ 


\ Vl»'^ 


^ 
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82.— 20-POUNDER ARMSTRONG L. S. GUN. 

Table of Manges wUh Solid Shot, Common or Segment, Shell, 

Weight of Gun, 16 cwt. 1 qr. 18 lbs. — Length, 8 feet. — No. of 
Grooves, 44. — Charge, 2J lbs. — Spiral, 1 turn in 38 Calibres. 



Elevation. 


Allowance for 
constant Deflec- 
tion of the Gun. 


Range. 


Time of 
Flight. 


Remarks. 


Degrees. 


Minutes. 


Minutes. 


Yards. 


Seconds. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 








240 
450 
850 
1180 
1500 
1820 
2110 
2400 
2690 
2920 
3250 


0-7 
1-4 
2-7 
3-9 
6-0 
6-1 
7-1 
8-2 
9-2 
10-2 
11-3 





83.— SHORT 20-POUNDER ARMSTRONG GUN, S. S. 

Table of Manges with Solid Shot, Common or Segment Shell, 

Weight of Gun, 12 cwt. 1 qr. lbs. — Length, 5 feet 6 inches. — 
No. of Grooves, 44. — Charge, 2J lbs.— -Spiral, 1 turn in 38 
Calibres. 



Elevation. 


Allowance for 
constant Deflec- 
tion of the Gun. 


Range. 


Time of 
Flight. 


Remarks. 


Degrees. 


Minutes. 


Minutes. 


Yards. 


Seconds. 




oj 


• • 




280 


1-0 




1 








460 


1-6 




2 








800 


2-8 




3 








1080 


3-8 




4 








1380 


4-8 




5 








1620 


5-8 




6 








1820 


6-9 




7 








2140 


7'9 




8 








2370 


i ft-^ \ 


9 




i 




2600 


\ ^'^ \ 


10 1 .. 


/ •• 


2820 


\ 10'^ \ 
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84.— 12-POUNDER ARMSTRONG GUN. 

Table of Ranges mth Shell, 

Weight of Gun, 8 cwt. 2 qrs. 18 lbs.— Length, 7 feet*^No. of 
Grooves, 38. — Charge, 1 J lb. — Spiral, 1 turn in 38 Calibres. 



ElevAtion. 


Allowance for 
constant Deflec- 
tion of the Gnn. 


Range. 


Time of . 
Flight. 


Renuu-ks. 


Degrees. 


Minutes. 


Minntes. 


Yards. 


Seconds. 




1 






9 Right 
7 ,, 


350 
620 


1-1 
1-9 




2 






6 ., 


1060 


3-2 




3 






3 ,, 


1400 


4«4 




4 






2 ,, 


1740 


5-6 




5 






1 Left 


2060 


6-7 




6 






4 ., 


2330 


7-7 




7 






7 ,, 


2600 


8-8 




8 






10 ,, 


2860 


9-4 




9 






13 ,, 


3120 


10-5 




10 






15 ,. 


3340 


11-6 





85.— 6-POUNDER ARMSTRONG GUN. 

Table of Ranges with Shell. 

Weight of Gun, 3 cwt. qrs. 12 lbs. — Length, 5 feet. — No. of 
Grooves, 32. — Charge, 12 oz. — Spiral, 1 turn in 30 Calibres. 



Elevation. 


Allowance for 
constant Deflec- 


Range. 


Time of 
Right. 






tion of the Gun. 




Remarks. 


Degrees. 


Minutes. 


Minutes. 


Yards. 


Seconds. 




oj 




9 Riglit 


360 


1-1 




1 




7 ,. 


560 


1-8 




2 




6 ., 


900 


3-0 




3 




3 .. 


1180 


4-0 




4 




2 ,. 


1460 


5-1 




5 




1 Left 


1710 


6-1 




6 




4 ., 


1950 


7-1 




7 




7 ,, 


2180 


8-0 




8 


• • 


1« .. 


• • 






9 


13 ,. 


\ 






10 / .. 


15 ,, 


\ ■■ 


\ 


\ 
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86.— Table showing Uie Degrees of Elevation, and Amoant of De- 
lleclion which it is necesaiy to give for cei-Caia Ranges np to 
3400 yards. The Table has been compiled froDi pi-actice with 
the 12-pauiider Gun { Charge, IJ lb.; Weight of Shell, Ilj Iba. 
Bat the Kangea of Uie 110 and 40-poundei' Gans ore so similar 
tbot the Table may also be uied for them. 





Banees. 


Dfivallon. 


TMecUon. 


Ttnio 

of night. 




YiniL 


lies. 


Ml«. 


MIn. 


Seconds. 




100 






12 Right 


0-80 




200 






11 







16 




300 






11 







25 




400 






10 







35 




500 




32 


10 







46 










9 







58 


Add 15' for every 


700 


1 


2 


9 






ID 


100 yntds. 


800 
900 
1000 


1 
1 
1 


17 
47 


e 
s 

7 






22 
50 




1100 


2 


4 


6 






60 


Add 17' for every 


1200 


2 


21 


5 






33 
39 


100 jarda. 


UOO 


3 


55 


4 








1500 




12 








17 




lliOO 




32 








35 




1700 




62 


a 






53 




1800 




12 








11 




1900 




32 








30 




aooo 

2100 


1 


52 
12 


J Le 






49 
10 




2300 




52 


3 






S3 


Add 20- for everj 
100 yards. 


2500 
2600 
2700 
2800 


I 


32 
52 

32 


5 
8 ,, 

B 






15 

36 
00 

48 




2900 




53 


9 






10 




3O00 




13 


10 






30 




3100 
3200 


8 


32 
52 


U 
13 






5S 
32 




3300 




12 


13 






44 




3-! 00 


^ 


32 


\" 


', \ \a-\». 
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Bange, and Deflection, 

87. The velocity of these projectiles diminishes slowly with the 
range ; consequently, the range will be nearly as the time of flight. 
The velocity at the muzzle is about 1200 feet per second ; at 1000 
yards, about 920 feet ; and at 2000 yards about 800 yards per second. 

From 500 to 1000 yards, 1 minute of elevation gives 7 yards in 
range. 

From 1000 to 3000 yards, 1 minute gives 6 yards; at distances 
above HOOO yards, 1 minute gives 5 yards. 

88. *The Armstrong guns always throw to the right, increasing 
with the range ; this is termed a constant deflection, and must be 
allowed for. This allowance is made by placing the rear sight so as to 
be correct at 2000 yaixls ; at distances below 2000 yards, the error 
will be so small that it may be disregarded. 

From 2000 to 2500 yds. give 3' deflection left. 
From 2500 to 3000 yds. give 5' deflection left. 
From 3000 to 3500 yds. give 9' deflection left. 
From 3500 to 4000 yds. give 15' deflection left. 

To these must be added the allowance for wmd, and this increases 
as the squares of the times of flight. 

A practical rule is, that each minute of deflection on the sight gives 
a diflerence of an inch in every hundred yards of range. 

Suppose, then, a trial shot to be fired at 8 degrees of elevation, 
which gives an average range of 3000 yards, the constant deflection 
at 3000 yards requires, as we have seen, 5' deflection lefl ; if, then, 
having given these five minutes, we estimate that the shot has struck 
two yards to the right of the object aimed at, we have 2 X 36 = 72 
inches divided by 30, the number of hundreds of yards of range = 2 J 
minutes neaily, deflection to the left to be added to the 5' constant 
deflection. 

Deflection on the sight is always given to that side to which it is 
wished to throw the shot ; thus 5 minutes* deflection to the right, at a 
range of 1,200 yards, will throw the shell 12 times 5 inches, or 5 feet, 
to the right. 

Aim, 

89. The breech tangent sight consists of a piece of metal having two 
slits, in the form of a cross. The trunnion sight terminates at the 
top in a sharp point, with an edge on each side. 

Direction is given by bringing the centre of the cross, the top ot 
the point of the trunnion sight, and the object aimed at, in the same 
straight line. 

£levation is given by bringing the centre line of the horizontal slit 
of the tangent scale, the top of the edges of the trunnion sight, and the 
object, in the same horizontal plane. 

This method of using an imaginary point and line found by the eye, 

* Should a plan proposed by CaptaVn "Yotv^^ ^» BAov^ft^, ^3aftte will be no 
necessity to make any allowance except iot \Jaft vrtsx^\ ^x«sp%^\» ^vsqkrxg^s^ 
the constant deflection may then Y>e erased. 
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gives mucli greater facility and accaracy in laying than can be obtained 
by the ordinary method. The edges of the cross slits in the breech 
sight are bevilled off at the back to prevent cross shades^ and to allow 
of a free passage of light to the eye. 

Ricochet Firing, 

90. Experiments which have been carried on by the Ordnance 
Select Committee show that Armstrong guns can be fired with re> 
dnced charges, so as to have a high descending angle and still retain 
accuracy, and uniformity of range; they are thus adapted for silencing 
guns covered with traverses, sunken defences, &c., although not equid 
to the smooth-bored guns with round shot for ricochet firing, that is, 
to proceed through a work by short bounds, making more than one 
graze in it. 

It has been ascertained that the initial velocity of the l2-pr. sliell 
is as follows : — 

With a charge of 6 oz., 600 feet per second. 
8 „ 620 
10 „ 732 

And it is probable that these velocities will be very near the truth for 
chai-ges of the other natures bearing the saipe proportion to the weight 
of the shot, viz., for 40-pr. 20 oz., 26*6 oz., 33'8 oz. ; for the 20-pr,, 
10*5 oz., 14 oz., and 17*5 oz. Their mechanical effects can, therefore, 
be easily compared with those of smooth-bore projectiles, if we also 
ascertain the velocity of the latter with small charges. This has 
not at present been done ; but by calculation it would appear that 
the velocity of a 32-pr. shot with 22 oz. of powder (the charge used 
during thej experiments) is about 715 feet per second, being about 
100 &et greater than that of the 12 and 20-prs., and 120 feet 
greater than that of the 40-pr. The elongated projectiles preserve 
their velocity rather better than the round shot ; but, on the whole, 
although it appears sufficiently great to produce destructive effect on 
the artillery materiel they strike, it^ must be less than that of the 
round shot, and consequently their mechanical effect less also ; on the 
other hand, the lai^e bursting charges of the elongated shells will 
make them much more destructive to travei-ses and solid obstacles as 
well as troops. 

The following Table contains the observed first and second gi'azes of 
a part of the practice carried on during the experiment : — 
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CoMPARiBON of Ut nnd 2iid Grazes of Aehstsonq Projeotiles. 
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PAET VII. 



EXERCISE OF ROCKETS.*' 

The 24-pounder is used for si^e purposes. The 12, and G-pounders 
are for service in the field. 

EXERCISE OF 12, AND 6-POUNDEB, OB FIELD B0CKET8. 

Telling off the Detachment. 

The detachment falls in, in rear of and facing the carriage, and is 
told off as for gun exercise. 

Disposition, and Duties of a Detachment of Seven men, with a 

12, and Q^pounder Rocket, 

No. 1 stands one yard in rear of the tube, points, and conunands. 

8 stands on the left of the tube, 2 stands on the right of the 
in line with its centre, elevates, and tube, in line with the centre, ele- 
traverses. vates and traverses. 

5 stands on the left of the tube, 4 stands on the right of the 
in line with the rear of it, primes, tube, in line with the rear of it, 
and fires. brings up rockets, arranges the 

priming, and loads. 

7 stands in rear of the carriage, 6 stands in rear of the carriage, 
and prepares rockets. assists No. 7 in preparing rockets. 

ThefoUowing is the Proportion of Stores furnished with Field Carriages, 

Tvoo hundred and sixteen Rockets with sticks, with 6-pounder. 
One hundred Rockets with sticks, with 12-pounder. 
One rocket frame comprising two cheeks, a pry pole, \ 

elevating bar, and tangent scale, I With both 

One tube pocket with tubes, i natures. 

One lanyard with hook for friction tubes. j 

To every other equipment not exceeding 144 Rockets, 

One stick for each Rocket, 

One tube pocket with tubes. 

One lanyard with hook for friction tubes. 

One angle, \ 

One plummet with line, I 

One elevating chain* > With 24*pounder. 

Tvo guy ropes, I 

Two addUkmal pieces for the cheeks. 1 

♦ jyig^—From '^Maxual of Aktillbbx ExBBOWBar "^^^^^ 
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PART VIII. 



A Team of 



HORSES. 

The average weight- of Artillery horses is 10 cwt, 2 qis; 

An allowance of 27 square feet is generally made for eaeh-hoi'se 
standing at picket, or three feet in breadth, and nine feet in depth. 
A horse should seldom be made to draw more than three cwt. besides 
the weight of the carriage. With great burthens, less weight must be 
allowed for each horse to draw than with medium burthens ; as with 
a team of horses, the leaders cannot draw so much as the horses nearer 
the carriage, and the disadvantage must increase in proportion to the 
lengthening of the team. 

4 horses may each draw 6 cwt; Total, 24 cwt. 

6 do. do. 5 do. 30 do. 

8 do. do. 4 do. 32 do. 

12 do. do. 4 do. 48 do. 

These weights include the carriages. It is usual, however, in heavy 
carriages, to reckon all their weight exceeding twelve cwt. as part of 
the load. 

The most useful mode of applying a horse's power is in draught, 
and the worst is in carrying a load. This is owing to the structure of 
the animal. It has been found that three men, carrying each 100 lb., 
will ascend a hill with greater rapidity than one horse carrying 300 lb. 
When a horse has a large draught in a waggon, howevei-, it is found 
useful to load his back to a certain extent ; this prevents him from 
inclining so much forward as he would otherwise do, and consequently 
frees him from the fatigue of great muscular action. The b«t dis- 
position of the traces in draught is when they are perpendicular to the 
collar ; when the horse stands at ease, the traces are then inclined to 
the horizon, at an angle of about 1 5° ; but when he leans forward to 
draw, the traces should then become nearly parallel to the road. The 
most proper inclination, however, is determined from the relation 
which subsists between the friction, and the pressure, in every par- 
ticular case. 

When a horse is employed in moving a machine, by travelling in a 
circular path, the diameter of the path ought not to be less than 
twenty-five or thirty feet, and in most cases forty feet should be pre- 
fei'Ted : at all events, it must not be less than eighteen feet. 

Maximum quantity o/ Lofcour, 

The folIowiDg Table shows the Jliaximum quatvlity of \dbouT,^\v\^ 
« hone of average strength is ca]paYAe ol ^tfeTcm\i% «X. ^cSrk^sX 
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velocities, on canals, railways, and turnpike roads ; but in comparing 
this table with practice at the higher velocities, it is reckoned neces- 
sary to add one -third more than tibe useful effect for the total mass 
moved. 









Useful effect per Day for a distance 


Velocities 


Day's 


Force of 




of one Mile on a 


per hour. 


work. 


tractiou. 


Canal. 


Level railway. Level road. 


Miles. 


Hours. 


lb. 


Tons. 


Tons. 


Tons. 


^ 


11-5 




520 


115 


14 


3 


8- 




243 


92 


12 


3i 


5*9 




153 


82 


10 


4 


4-5 




102 


72 


9 


5 


2-9 


' 83J - 


52 


57 


7-2 


6 


2- 


30 


48 


6 


7 


1-5 




19 


41 


5-1 


8 


1-8 




12-8 


36 


4-5 


9 


•9 




9 


32 


4 


10 


•75 




6-6 


28-8 


3*6 



Hesttlt of experiments with a light four-wheeled cart, weighing with 
its load 1000 lb., drawn upon different sorts of roads (12} lb. having 
been deducted from the force of traction for the friction at the axles, 
which were of wood). 

18 

26} 
130| 
191} 



Turnpike-road, hard, dry • 
Do. dirty . 

Do. new gravelled 

Loose sandy road 



Force of traction required 
to move the carriage, inde- 
pendent of the friction at the 
axles. 



note. — ^An ox can draw about 4 cwt., and a pair of oxen 9 cwt., on a level 
road. 

LASSO HARNESS. 

Lasso harness consists of a brown leather smxiingle, and one trace. 
The surcingle is rather wider than a common girth, and is composed 
of two pieces (joined together by rings), one of which is placed over 
the saddle, and the other round the belly of the horse. Thei*e are 
also rings at the end of the surcingle, whldi is drawn very firmly 
round the horse, and listened tight by lapping a white leather thong 
(fixed at one end of the surcingle) through these rings. There are 
two descriptions of traces, one being 8, and the other 12 feet long. 
They have hooks at each end, and, when the lasso harness is made use 
of by cavalry, &c., to assist draught horses in moving very heavy car- 
riages, or in dragging guns, &c., up steep hills, one of these hooks is 
fastened to a ring in the surcingle, and the other to the carriage, &c. 

Lasso harness may be advantageously employed 'wSlVi «N\. \kSswR&\ 
even those unaccustomed to draught bavVn^ \ieen. ^whA -^^vsS^cj 
tractable^ and eSSdent the first time thery "wet^ ■t«:^Vx%dL \ft ^^«« "^"^ 



Weight f 



of 
set 
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means of the lasso. When two horses are in draught, the traces must 
be inside, and each rider should keep his horse's croup a little oat- 
wards. 

HORSE-SHOES. 

There are three sizes of horse-shoes in the service, and also a smaller 
size made for mules. 

Size. lb. oz. 

1st \ (not including the weight of nails) . . .7 0^ 

2nd do. do. ... 6 4| 

3rd do. do. . . . 4 8^ 

Mules j do. do. ... 2 14 

NAILS. 
LENGTH, WEIGHT, NUMBER, ETC. 

1st size. fNo. ofnaUs* ® ^ ^^\ 6* oz \ 

Lai^est. \ No. of each required . . . 16 8 8/ ^ * I 

2nd size. / ^**-**^°^^'* '^ ^ ^Uiozl 

2nd size. I No. of each required . . . 8 12 12/**^^- ^ 

o_j • / No. of nails* 5 6 7\ «i ^, 

3'^"*«- 1 No. of each required ... 8 8 16/^* *'^- 

• iVflte.— These several nails are known by farriers according to their No. — 
viz., when they say shoes require nails, Nos. 8, 9, 10, this implies nails of 
8, 8, and 10 pounds per thousand nails. 

No. of Nails. Length of Nails. Weight of 1000 Nails. 

188 2| inches. 10 1b. 

187 H — 9 — 

186 2| — 8 — 

185 2i — 7 — 

]84 2J — . 6 — 

183 2 — 5 — 

FORAGE. 
Method observed in carrying one day's forage, 

N0N-(30MMISSI0NED OffICEM, AND TRUMPETERS. — One feed of 
oats in the nose-bag, and buckled to the near-ring of the saddle. 
Three feeds in the corn-bag, and canied across the saddle. Twelve 
pounds of hay twisted, and rolled up into two bundles, each nine 
inches long, carried at the ends of the kitt, and made fast with the 
forage cord, one end to pass in front, and the other in the rear of the 
kitt, making it fast by two hitches. 

Drivers. — One feed of oats for each horse, carried in the nose-bags, 

and made fast to the rear staples of the off-horses* saddles. Three 

feeds for each horse (six feeds) in the corn-bag, carried across the 

saddle of the near horse. The hay is twisted and rolled up into two 

bundles of twelve pounds, each eighteen inches long ; carried on the 

off-bone at the ends of the kitt ; the end of one forage cord passing in 

fix)Dt of the kittf the end of the ot\\eT ioT«L^ft cot^ ^aaavcL^Ui. tear of the 

leitt, both ends being made fast by two \is\( \i\\A\tai. 
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If a waggon accompanies the battery, the officers' horses* forage will 
be carried in it ; if not, the oats are to be divided between the sub- 
divisions, and the hay carried on the foot-board in front of the body of 
the waggon. 

In heavy marching order, when forage is not ordered to be carried. 
Non-commissioned Officers, and Trumpeters, — ^The nose-bags 
are rolled up and buckled to the near-ring of the saddle. Forage cord, 
currycomb and brush, mane-comb, picker, and sponge, are made fast, 
to the off-ring. 

DAILT RATION FOR ONE HORSE. 

Oats. Hay, or Grass. Straw, 

lb. lb. lb. lb. 

In Quarters ... 8 18 .. 6 

In Barracks ... 10 12 or 36 8 

A load of Hay, or Straw 36 trussea. 

A truss of Hay 56 lb. 

Ditto Straw 36 lb. 



VETERINARY DIRECTIONS.* 
The ordinary dose of every Mass is One ounce {Avoirdupois), 

No. I. — Cathartic Mass. 

Aloes, Barbadoes ... 8 parts. 

Olive Oil 1 „ 

Treacle 3 „ 

Dose, from 6 to 7| drams of the mass, which contains 4 and 5 drams 
of aloes respectively. 

Any horse to whom a dose of physic is given, should be fed on bran 
mashes, in lieu of com, until its operation has ceased. If there be no 
cause for its immediate administration, let ample bran marshes be given, 
by way of preparation, in lieu both of hay, and com, during one day, 
and the ball administered the following morning, afler the horse is 
sufficiently watered, and a couple of hours at least before his bran 
mash be given him. Exercise, also, during the day is advisable. The 
following day, early in the morning, after the horse has had water, 
with the chill taken off, offered him, till he refuses to drink more, let 
him be walked out briskly for one hour, unless he purge, in which 
case let him be returned to the stable, littered down, frequently 
watered, and plentifully supplied with bran mashes. But should the 
physic not operate at the expiration of his exercise, nor after he has 
remained the four succeeding hours in the stable, let him be exercised 
for another hour ; and he may be gently trotted at this time should he 
still show no signs of purging: let it be here underatood,' howevei\ 

* Whenever a Veterinaiy Surgeon la pTeaeiit, \2ql«b& Dtoe^NJtfsna «» Vft >!ifc 
coaaldered in abqyance. 



228 VETERINABY DIRECTIONS. [PART VHI. 

that in no case is a horse in physic to be galloped. To insure ptirgar 
tion, water is no less requisite than exercise. 

Should the animal continue to purge on the third day, let him be 
kept short of water, and without exercise ; if the purging still ccmtiniie, 
gire wheaten flour gruel, and hay ; no exercise. As soon as his dang 
shall have put on its natural appearance, and consistence, the usual 
ration of provender may be restored, and he may return to duty. 

When a sick, or lame horse requires physic, to which exercise would 
be injurious, or if he has not been properly prepared with bran mashes, the 
dose may be increased by one dram ; and to him the bail may be given 
at any time, in order that its operation may be as speedy as possible. 
A dose of physic should never be repeated until the expiration of seven 
clear days from the setting of the previous dose. 

Horses suffering from cough, discharge from the nose or inflamma- 
tion of the lungs, are not to have purgative medicine administered, but 
the febrifuge, or sedative mass should be given. 



No. II. — Febrifuge Mass. 

Nitrate of Potass ... 3 drams. 
Tartar Emetic .... 2 scruples. 
Camphor 1 dram. 

Common mass, a sufficient quantity to form a ball, to weigh one 
ounce, for one dose, which may be given once, or twice a day, for a day 
or two. 

In coughs, or discharge from the nose in which fever is present, this 
mass is especially useful. Let the animal be warmly clothed, littered 
down, be kept quiet in a well-ventilated box, and fed on equal paiis in 
bulk, of bran and oats, mixed with cold water ; head steamed with 
hot water, and a little hay, in a bucket. 



No. III. — Sedative Mass. 

Extract of Belladonna . 2 drams. 

Nitrate of Potass ... 3 „ 

Tartar Emetic ... 1 „ 

Camphor 1 „ 

Common mass, a sufficient quantity to form a ball to weigh one 
ounce, which may be repeated once, or twice a day, for two, or three 
days. 

In case of inflammation of the lungs, these balls are especially bene- 
ficial. Afler having drawn from five to eight quarts of blood, accord- 
ing to the violence of the symptoms, and the apparent strength of the 
animal, give a sedative ball once, or twice a day at regular intervals. 
Let ^he sides of the chest be well rubbed with some of the blistering 
liquid, clothe warmly, rub the legs, and bandage with flannel ; keep 
the stable well ventilated. 
Should the symptoms be the same tVi« n^iXi ^'Yi v(AV)kv%'^&i^«t\l«ak 
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not risen, it may be repeated with the additional appIical;ion of it to 
the chest; also, if the cough be frequent^ to the throat ; — ^the sedative 
balls being continued, and clysters given. 



No. IV. — Diuretic Mass. 

Nitrate of Potass! g^^^p^^ 
H^Soap (Dose, one ounce. 

Diuretic balls may be given, one every third night, in all cases in 
which they may be required: seldom is it necessary to administer 
one eveiy other night, and still more rarely eveiy night. 

Should the flow of uiine prove abundant, the horse frequently 
making efforts to stale, and groaning in so doing ; or, if he cannot 
stale, but appear to experience pain about the loins and hips, and be 
stiff in moving those parts, diuretic balls must on no account be given. 
Diuretics are beneficial in recent swelling of the legs : linen bandages, 
and walking exercise may be had recourse to at the same time. 
Diuretics are also useful in watery fercy, dropsy, and puffy or watery 
swellings of all kinds. 

No. V. — Alterative Mass. 

Aloes, Barbadoes ... 2 drams. 
Ginger 1 di-am. 

Common mass sufficient to form a ball to weigh one ounce. 

To ill-conditioned horses that do not thrive, notwithstanding they 
eat, and appear otherwise in health ; to horses that rub themselves, or 
that have small lumps or bare places upon the skin (not mange), one 
of these balls may be given every fourth day, but not more than three 
balls altogether. 

Bruised com, hay cut into chaff, bran, and frequent and full 
supplies of water, contribute to restore such horses to condition. 
Walking exercise once, or twice a day, according to the strength of the 
horse, is also recommended. 



No. VI. — Anti-Spasmodic Draught. 

Spirits of Nitre . , . • 2 ounces. 
Tincture of Opium ... 1 ounce. 
Water 4 ounces. 

In the generality of cases of gripes this will prove sufficient ; but if 
the horse be not better in one hour, the draught may be repeated with, 
or without the addition of half a pint of Imseed oil. Clysters also 
will be found of greait benefit. When the horse continues alternately 
to lie down, and rise in the stall, and to roll upoiv b.S& V^^j^^l, \<^\j& ^^ 
frequently be ^iven by walking exercise for ten imsi\x\ie&. 

Tboee cases in which the symptoms do not \VL\;&rax\\., «tt^ '^'^ ^\L\^ 
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the pulse and breathing are much quickeDed, are not gripes, but inflam* 
mation of the bowels. Take away from six to eight quarts of blood 
without loss of time, and give a draught composed of aloes, four ot 
five drams; powdered opium, two drams, dissolved in one pint of wann 
water ; give frequent clysters of warm soap and water ; rub well apon 
the belly a strong mustard poultice, composed of mustard, warm 
water, and liquid ammonia, or oil of turpentine, or a liniment com- 
posed of equal parts of oil of turpentine, and liquid blister. Hand-mb 
and ban4age legs — clothe warmly. 

If^the i^ymptoms do not abate, give powdered opium, one dram every 
two hours in warm water ; continue clysters, and repeatedly offer tho 
horse warm water to drink. The mustard poultice should also be 
repeated. 

No. VII. — ^VERMlFUaE, AND TONIC PoWDER. 

. Sulphate of iron, 6 drams divided into twelve doses, is a good 
remedy for worms — one dose to be given once a day in some bran 
mash, until the number is consumed. The horse may continue to 
work. 

It also is useful as a tonic, given in the same manner, the dose being 
doubled to horses that are low in condition, or recovering from the 
effects of disease, the medicine being aided by generous feeding. 

No. VIII. — Anti-purgation Mass. 

Extract of Catechu . . . 1 dram. 
Cinnamon Bark .... 1 „ 
Powdered Opium . . . • i »» 

Common mass — sufficient to form a ball to weicjh one ounce. 

The above mass is very useful in all cases of excessive purging, 
either from the effects of disease, or from an overdose of purgative 
medicine. The ball may be repeated two or three times a day, thick 
wheaten gruel being given at the same time. 



No. IX. — DiscQTiENT Powder. 

Sulphate of Zinc ... 4 drams. 

This, mixed with one quart of cold water, will be found a very 
useful application to sore backs, .withers, shoulders, and to recent 
swellings from blows or injuries of any kind. Bandages wetted with 
this lotion may be used for sprains of the joints, and back sinews. 



No. X. — Astringent Ointment. 

Acetate of Lead .... 1 pai*t. 
Lard 3 parts. 

77ii8 will be found useful in cases of g;ceasft,^Vi%te the discharge is 
dat little, and not very offensive. Apv^y a WVAX^ \o ^^ \«^, >^«i ^ 
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piece of fine tow, and oyer that a tailed bandage. Give walking 
exercise, and a diuretic ball occasionally. But should there be much 
swelling, and the discharge copious and fetid, apply a warm bran 
poultice, over which sprinkle some powdered charcoal, feed on bran, 
and give a mild dose of physic. When this treatment has had the 
desired effect, the ointment may be used with advantage. 

No. XT. — Ophthalmic Powder. 

Sugar of lead . . . . 2 drams. 

So long as the eyes appear red and inflamed, cold water alone 
should be made use of, and with it they should be kept continiially 
wet. When the inflammation is abated, sponge the eyes and eyelids 
several times a day with a lotion, made by dissolving the sugar of lead 
in a quart of cold soft water. 

In all cases where there is much inflammation, a dose of physic 
should be given. 

No. XII. — Blistering Liquid. 

Powdered Cantharides ... 4 ounces. 

Olive Oil lipint. 

This is very useful as a counter-irritant in all ^ cases of internal 
inflammation (see Nos. 3, and 6). It is also useful in swellings, 
sprained joints or sinews, curbs, spavins, &c., after the inflammation 
attending these diseases has subsided. 

No. XIII. — ^Digestive Ointment. 

Common Turpentine \ Equal parts. 
Hog's Lard / melted together. 

This ointment is the best application that can be made use of in 
cases of treads or wounds on the coronet, between hair and hoof; a 
small quantity is to be spread upon a plugget of tow, and bound on 
with a bandage. It is likewise a good dressing for broken knees 
(when the joint is not open) or cuts, to promote h^thy action. 

No. XIV. — Turpentine Liniment. 

Ojl^ofJurpenUne | g,^, ^ 

In cases of sore throat, cough, and in all cases where a mild counter- 
irritant is required, this liniment will be found useful. 

No. XV. — Hoof Ointment. 

Tar 1 Equal parts. 
Lard j melted together. 
This ointment is intended for brittle feet, or Budci %a\sKsr^«asAsK«>^t&\ 
alao, with tow, to form the stopping to be •^\aiceivMi'i<ex\«BJ5iKi«t «3\s^ 
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PAET IX. 

Published by Permission of the Lords Commissioners of the 

Admiralty, 



NAVAL GUNNERY. 

Instructions for the Exercise, and Service op great Guns, 
ON board Her Majesty's Ships. 

Evert ship should be prepared to defend herself when attacked, on 
both sides. On assembling at quarters for action, or exercise, the men 
are to repair to their respective sides, according to their watches, pro- 
viding and distributing the several articles allotted them. 

The first captains, and half the crew of the guns (the men designated 
by the odd numbers), remain by their proper guns ; the second cap- 
tains, and the remainder (designated by the even numbers), man the 
guns on their right. 

Stationary powdermen ai*e allotted to every two guns : they are to 
have two cases : that containing the reserve cartridge is to be hung up 
in rear of the gun amidships. 

An extra powderman, whose duty it will be to fetch powder from 
the magazine scuttle, and supply the stationary powderman, is to be 
allotted to every four guns, that the reserve cartridge may not at any 
time be left without protection. 

The gun and its opposite should bear the same number, beginning 
from forward with No, 1 on each deck. 

The men appointed to work the gun are to be distinguished by num- 
bers, which will be assigned according to the complement of men 
stationed at each gun, as hereafter described. 

The crews and powdermen of the odd-numbered guns should be 
composed entirely of the starboard- watch, and the even-numbered guns 
of the port-watch ; this will enable whole guns' crews to be worked 
together in their watch on deck, without disturbing the watch below, 
and will also enable the commanding officer to take the best men from 
both watches for the captains of the guns ; they should be selected as 
much as possible from various parts of the ship, so that if a heavy loss 
of men should occur at particular guns, it would not be more severely 
felt at one station than at another. Petty officers, or leading men of 
stations, who are likely to be called upon in action to perform duties as 
such, aie to be quarteied at the guns nearest their work. 

In assigning the duties, it is premised that the complements of all 

classes of Her Majesty's ships, small vessels excepted, will admit of the 

crew of each gun being composed of six persons and the powderman 

(the latter of whom is not to \)eaT a nvviate^ Vsy vrKom the principal 

duties in the working and providing fcx a ^\m. »xfe ^x^wnvft^*^ Sisv^t 



^ 




r 1 
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first six are to be distinguished as the Gun numbers, and any additional 
men which its size may require, are to be considered as Auxiliaries, 
but they are to be equally instructed and rendered competent to 
perform the several duties of the gun. By this arrangement, one 
system will be applicable to the working of all the di£fei*ent natures of 
guns used at sea. 

POSITIONS. 

The crew, with the exception of the first and second captain and 
powdeimen, are to stand with their faces turned obliquely towai'ds 
the gun and the port, this position being best adapted to secure 
attention. 

The two men whose numbers place them farthest from the 8hip*s 
side, are to be termed right, and left rear-men. The guns on each 
deck are to be divided into two divisions, called the foremost, and after 
quarters ; and an oflScer is to be appointed to command each. 

Arrangements are to be made in the different magazines and passages, 
for the regular supply of powder to the several decks, under the super- 
intendence of an officer, to prevent confusion from the inteimixture of 
the cartridges ; and the following rules should be observed in supplying 
the different decks with powder, namely : — • 

In frigates and two-decked ships, the lower, and main deck should 
be supplied from the fore magazine ; and the quarter deck, and fore- 
castle from the after magazine. 

In three-decked ships, the lower, and middle deck from the fore 
magazine; main deck, quarter deck, and forecastle from the after 
magazine. 

The fire screens ai-e to be kept fixed, rolled up, and protected from 
the weather. 
Note.— The above arrangement refers to Magazines as at present fitted. 

ASSEMBLING AT QUARTERS. 

The accustomed beat of the drum is for Action ; the stationary 
powdermen repair to the magazine-scuttle for two cartridge-cases and 
two cartridges, and then return to their places in the rear of their guns 
amidships, ready to receive all further supply of powder from the extra 
powderman. 

The Gun numbers provide the stores, and with the Auxiliaries cast 
loose their respective guns, which are to be searched, loaded with full 
charges, and single shot, and run out without further orders: but 
they are on qo account to be fired without distinct orders from the 
upper deck. 

NoTEw — The above arrangement^ although It insures the guns being got 
quickly ready for action, does not preclude the commandlDg officer from giving 
orders on beating to quarters, to load with any other chu^ or projectile he 
may think best. 

The accustomed beat of the drum witti one toW \% ^ox ^-asssMbik. <«is2t- 
else, the same aa for Action, but no powder la "^loVvi'edi, 
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The accustomed beat of the drum with two rolk is to muster for 
inspection : the crews and powdermen repair to their respective sides, 
unless ordered to the contrary. The stationary and extra powdeimen 
take their places in the rear of their guns amidships. '* Fall out." 

Detail for Placing the Men. 

Take your place in the rear of the gun facing the port, as No. 1, the 
captain. 

Take your place to the right of the gun close to the ship's side, 
No. 4, tJie sponger, standing quarter-face to the gun. 

Take your place to the left of the gun, close to the ship's side, as 
No. 3, the loader, standing quarter-face to the gun.* 

Take your place to the right of the gun next to No. 4, as No. 6, 
the assistant sponger. 

Take your place to the left of the gun next to No. 3, as No. 5, the 
assistant loader. 

Take your place to the right of No. 1, feunng the ship's side, clear 
of the recoil, as No. 2, the second captain. 

These six numbers are Gun numbers, and provide stores for, and cast 
loose, this gun and the gun on the right in their respective watches. 
All numbers above these are Auxiliaries, who cast loose this gun and 
the gun on the right in their respective watches. 

Take your place to the left of the gun next to No. 5 as No. 7. 

„ right „ No. 6 as No. 8. 

„ left „ No. 7 as No. 9. 

„ right „ No. 8 as No. 10. 

„ left „ No. 9 as No. 11. 

„ right „ No. 10 as No, 12. 

And so on with higher numbers. ** Close up." 

" Gun Numbei*s." 

1, 2, 3, 4, 5, 6. 

" Auxiliaries." 

7, 8, 9, 10, 11, 12, 13, 14, &c. 

" Handspikemen." 

9, 10. 

" Rear-men." 

14. The right rear-man. 13. The left rear-man. 

{Or the two highest numbers.) 
Gun numbers as placed in rotation on arriving at the gun : — 



1, The captain. 
4. The sponger. 
3. The loader. 



6. The assistant sponger. 
5. The assistant loader. 
2. The second captain. 



Note. — The Gun nnmbers are never to be called unless ordered ; and when 
so ordered. Auxiliaries, Handspikemen, Rear-meu, aijd 1, The Captain, &c., ore 
to be called. 

* This order applies lo aW "Soa.\i\A \ wAl. 
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Manning both sides. 

T^Tav i*oth f ^^^^ watch will repair to its respective side, the odd 
< numbers standing to the left of the left guns ; even 
[ numbers to the right of the right guns. 



Left guns, 3 remains 


3 


Right 


guns, 4 


remains 4 


5 becomes 4 




6 becomes 3 


7 „ 


6 




8 


„ 6 


9 » 


5 




10 


„ 5 


11 „ 


2 




12 


,; 2 


13 „ 


7 




14 


« 7 


1 remains 


1 




2 


., 1 



Note.— The left gnns are odd starboard, and even port. The right guns are 
even starboard, and odd port. 

Qiins' crews always man, and powder-boys always supply acljacent gons, 
when clearing for Action, or when fighting both sides. 

With a crew of 11 men and upwards, and both sides manned, 2 is alwayg to 
attend the train-tackle. 

Providing Stores 
(both sides manned)^ 

No. 1. Provides three vent plugs, priming wire, tube box, spare 
trigger line, vent bit, sees the lock fixed and fit for use, and places 
handspikes. 

3. Shot, and grummet, spare breeching, wet swab, wads, and fuze 
wrench. 

4% Sponge, rammer, worm, and fire-bucket. 

Stationary, and extra powderman^ two cartridge cases and two 
cartridges each. 

Note. — With 68-poanders, and 10-lnch guns, 3 should provide a bearer, and 
4 should assist him in providing shot. Spare locks, and hammers are to be 
provided by the 2nd captain. Lanterns shoald be hung up amidships between 
the ports, and kept in order by the proper No. 4, arrangements being made for 
lighting them at night quarters. 

Shelb are always to be provided by the two highest numbers. 

** Man the Starboard, or Port Guns.' 



i» 



Exercise with 14 Men to a Lower, Middle, or Main 

Deck Gun. 

No. 1. The captain; commands, attends the breeching, primes, 
points, fires, and stops the Tent. 

2. The 2nd captain; assists 1, runs out, attends handspike, coin, 
and lock. 

3. Loads, rams home, runs out, and trains. 

4. Worms, sponges, rams home, runs out, and trains. 

5. Gives shot and wad to 3, runs out, trains, and spans the 
breeching. 

6. Gives sponge, rammer, and woim to 4, runs out, trains and 
spans the breeching. 

7 and 8, Run oatf and train. 
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9 and 10. Run out, and attend handspikes. 

11. Huns out and attends handspike. 

12. Runs out, and trains. 

13. Runs out, trains, and brings up shell. 

14. Attends train-tackle. 

Note. — With more, or less than 14 men, the Exercise will be the same as 
above, esoept that the proper handspikemen will take the duties of 9 and 10, 
the assistant handspikemen, those of 11 and 2, and the rear-men, those of 13 
and 14. 

The captain of the gun is responsible that all stores and necessary gear are 
at the gmi, and that ^ronghout the Exercise all the Nos. perform the& duties 
cojrectly. 

ExERcasE WITH 9 Men to an Upper Deck Gun.' 

No. 1. The captain; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

2. The 2nd captain ; assists 1, attends the apron, elevating screw, 
lock, and train tackle. 

3. Loads, rams home, runs out, and trains. 

4. Worms, sponges, rams home, runs out, and trains. 

5. Gives shot and wad to 3, runs out, trains, and spans the 
breeching. 

6. Gives sponge, rammer, and worm to 4, runs out, trains, and spans 
the breeching. 

7 and 8. liun out, and attend handspikes. 
9. Runs out, trains, and brings up shell. 

Note.— With guns mounted on rear chock caniages having side levers for 
running out, Nos. 7 and 8 will shift the side tackles, and the left rear-man will 
attend roller handspike when necessary. 

With guns mounted on Hardy's carriages, the Exercise will be the same as 
above, except that No. 4 will attend compressor when the gun is out, and No. 8 
when the gun is in. 

Handspikemen with 5, 6, or 7 men . . 5 and 6 

„ „ 8, or 9 men . . 7 „ 8 

„ „ 10, or 11 men . . 7 „ 8 

and assistant handspikemen . . . • 9 „ 2 

Handspikemen with all Nos. above 11 . 9 „ 10 

and assistant handspi icemen .... 1 1 „ 2 
Except with 10-inch, and 68-pounder guns, 

when assistant handspikemen will l>e . 11 ,,12 

With light guns it may be advantageous in some cases to double man 
the handspikes. The left rear-man will always fire with a hammer, or 
match, and the right rear-man will attend the train-tackle, except when 
he is handspikeman (when 2 will attend it) and in lower deck exercise 
(when both rear-men will attend it). 
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ASSEMBLING AT QUARTERS. 

The accustomed beat of the drum is for Action, when the guns 
are to be cast loose, loaded, and run oat without orders. 

The accustomed beat of the drum with one roll is for Manual 
Exercise the same as for action, but without powder. 

The accustomed beat of the drum with two rolls is to muster for 
Inspection. 

Gun Nos., 1, 2, 3, 4, 5, 6. 

Auxiliaries, 7, 8, 9, 10, 11, 12, 13, 14, &c. 

Handspikemen, 9, 10. Rearmen, 14 the right rear-man, 

13 the left rear-man {or the two highest Noe.), 

1. The Captain. 4. The Sponger. 3. The Loader. 

6. The ALSsistant-Sponger. 5. The Assistant-Loader. 

2. The Second Captain. 






MAN BOTH SIDES. 

Left Guns— 3 remains 3 ; 5 becomes 4; 7, 6 ; 9, 5 ; II, 2 ; 13, 7; 
I remains 1. 

Right Gjtss — 4 remains 4; 6 becomes 3; 8, 6; 10, 5; 12, 2; 
14, 7 ; and 2, 1. 

PROVIDING STORES. 
{Both sides manned,') 

No. 1.— Provides 3 vent-plugs, priming wire, tube box, spare 
trigger-line, vent bit, sees the lock nxed and fit for use, and places 
handspikes. 

No. 3. — Shot, and grummet, spare breeching, wet swab, wads, 
and fuze wrench. 

No. 4. — Sponge, rammer, worm, and fire bucket. 
Stationary, and extra Powderman, two cartridge cases and two 

cartridges each. 

Nfyne.— With 68-pr., and 10-inch gang, 3 shoald provide a bearer, and 4 should 
assist hbn in providing shot. Spare locks, and hammers are to be provided by 
the 2nd Captain. Lanterns should be hung up amidships between the ports, 
and kept in order by the proper No. 4, arrangements being made for lighting 
them at night-quarters. Shells are always to be provided by the two highest 
Nos. 

Stations for Casting loose a Lower deck Gun with 7 men. 

(Both sides manned,) 

Note.— No. l places handspikes, 3 and 4 bear out, and the other Nos. trice 
up the port ; when the port is up, 1 provides stores. 2 and 1 cast off, and hook 
on train-tackle, 3 and 4 cast off muzzle-lashing, then provide stores and clear 
away breast-irapping, 5 and 6 clear away and shift side-tackles ; when the side- 
tackles are clear, and train-tackle to the rear and luff choked, 1 gives the word 
" Elevate," sees the bed properly secured, and places coin at P. B., the gun is 
then run in, searched, loaded, and run out. While the gun is being elevated, 
2 and 7 finish whatever is left undone, and whilst loading, 2 coils up the 
lashings, add 5 and 6 span the breeching. 



Mas the Stasboaud, ORPonn: Gis^^. 
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GREAT GUN EXERCISE. 



[part IX. 



GREAT GUH 
The men are only to learn the JExereUe 




1 
2 

3 

4 
5 



7&8 
9&10 
11 
12 
13 
14 



The Captain ; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

The 2nd Captain; assists 1, runs out, attends handspike 
coin, and lock. 

Loads, rams home, runs out, and trains. 

Worms, sponges, rams home, runs out, and trains. 

Gives shot, and wad to 3, runs out, trains, and spans the 
breeching. 

Gives sponge, rammer, and worm to 4, runs out, trains, and 
spans the breeching. 

Run out, and train. 

Run out, and attend handspikes. 

Runs out, and attends handspike. 

Runs out, and trains. 

Runs out, trains, and brings up shell. 

Attends train tackle. 



NoTB.— With more, or less than 14 men, the Exercise will be the same as 
above, except that the proper handspikemen will take the duties of 9, and 10, 
the assistant handspikemen, those of 11, and 2, and the rear-men, those of 13, 
and 14. 

The Captain of the gun is responsible that all stores and necessary gear are 
at the gim, and that throughout the Exercise all the Nos. perform their duties 
correctly. 

Note. — Handspikemen, with 5, 6, or 1 men, 5 and 6 ; with 8, 9, 10, or 11 
with 10 and II men, 9 and 2, and with all Nos. above 11, 11 and 2, except with 
No. 2 attends train-tackle when the right rear-man is handspikeman. A Sta- 

man to every 



Stations for Casting Loose a Main Deck 

Note. — No. l places handspikes, 3 and 4 bear out, and 1 and 2 trice up the 

tackle, 3 and 4 clear away, and unhook train- tackle, and provide stores, 5 and 6 

is in ; when the side-tackles are clear, and train-tackle to the rear, 1 gives the 

lower half-port ; he then sees the bed properly secured and places coin at P. B., 

assist 2. With 5 men, 1 will hook on train-tackle. If the 



"TTouDS OP Command."— "Prime," ^'PovxiX.,'* «^\«^%.W;^^13.wi.d^," 
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£XERCISE. 

jar tlu Gun at whuh they are quartered. 




1 

2 

3 
4 
5 



7&8 
9 



The Captain; commands, attends the breeching, primes, 
points, fires, and stops the vent. 

The 2nd Captain; assists 1, attends the apron, elevating 
screw, lock, and train tackle. 

Loads, rams home, runs out, and trains. 

Worms, sponges, rams home, runs out, and trains. 

Gives shot and wad to 3, runs out, trains, and spans the 
breeching. 

Gives sponge, rammer, and worm to 4, runs out, trains, and 
spans the breeching. 

Run out, and attend handspikes. 

Runs out, trains, and brings up shell. 



NoTB. — With guns moanted on Rear chock carriages having side levers for 
miming out, Nos. 7 and 8 will shift the side-tackles, and the left rear-man will 
attend roller handspike when necessary. With guns momited on Hardy's 
carriages, the Exercise will be the same as above, except that No. 4 will attend 
compressor when the gun is mUf and No. 8 when the gun is in. 



men, 7 and 8 ; and with all Nos. above ll, 9 and 10. Assistant Handspikemena 
68-prs. and 10-inch guns, when Assistant Handspikemen will be 11 and 12. 
tlonary Powderman is allotted to every gun on one side, and an extra powder- 
two guns. 



Gun with 6 men. {Both tides manned.) 

half-port ; when the port is up, 1 provides stores, 2 casts off, and hodcs on train- 
clear away and shift side-tackles, untoggle breeching, and span it when the gun 
word " Elevate," and withdraws the coin to allow 3 and 4 to put down the 
the gun is then run in, searched, loaded, and run out. With 7 men, 7 will 

upper half-ports are made to take off, 3 and 4 will take them off. 



''Fire," " Stop the Vent,** *< Sponge,** "LoaeL," *^B.\MDLO>aX.r 
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ORDERS FOR MANUAL EXERCISE. 

On coming to the gon^ Nos. 1 see the locks fixed and fit for use, 
vents clear, sights adjusted to the distance named, and the guns 
searched, loaded, and run out without further orders. 



« Prime.*' 
** Point." 
«* Elevate." 



Words of Command. 

" Ready." 

"Fire." 

«* Stop the vent." 



« Sponge." 
« Load." 
«* Run out." 



REMARKS ON THE DIFFERENT FIRINGS. 

Independent Fibing. 

By this is meant, firing the guns independently of each other, each 
captain of a gun seizing the most favourable opportunity. This 
firing should always be used in action (unless ordered to the contrary) 
whenever the object is visible, the smoke from one gun not greatly 
impeding the fire of another. 

(See Detail for Independent firing.) 

Firing in Succession. 

By this is meant, firing one gun after another m regular order, com- 
mencing from the foremost, or after gun, according as the wind is 
blowing from a/it, or forward. This firinsj may be used with advan- 
tage, whenever a continuous steady fire is desired, as the smoke from 
one gun will not impede the firing of the next. 

Quick Firing. 

By this is meant, rapid independent firing, the tangent sight not 
being raised. This firing should be used when close alongside an 
enemy, as then but little pointing would be required. 

(See Detail for Quick firing.) 

Broadside, and Divisional Firing. 

By this is meant, firing the whole broadside, or a division of guns 
simultaneously, by order. Broadside firing should be used when the 
smoke hangs about the ship for some time, and divisional firing when 
the smoke clears away at shorter intervals, as then the fire would be 
more continuous. Broadside, or divisional firing could also be used 
with greater advantage within a moderate distance against stone forts 
than independent firing, from the increased concussion caused by a 
number of shot striking at the same moment. In divisional firing 
each deck, or the half of each deck, should be considered as a division 
according to circumstances. 

Concentrated Firing. 

Bf this is meant, firing guns pTev\o\iB\^ \aAA.\yj iVv^ flAd of lines, or 
battens, so that the shot may cross e«yci>i o\i3Qfiac «1 «k ^wcsi ^XaxkKfe. 
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This firing would be most effectiye in case of smoke, or darkness, the 
object being visible from the upper deck, or mast head, and maj be 
used at distances within, and beyond the point of concentration, but 
the latter must never exceed double that, at which the shot cross. 

In Independent Fibing, 

No. 1 raises the tangent sight according to the chaise and distance 
named, lays the gun for the object, and gives the word *• Ready " as 
soon as the elevation is correct, keeping the direction on with the 
handspikes, and taking care not to fire till the side-tackle falls are 
clear. 

In Quick Firing, 

No. 1 sees the gun laid horizontal, and run out for the object, primea 
as the gun goes out, taking care not to cock the lock till the muzzle is 
clear of the port-sill, and not to fire till the side-tackle falls aie out of 
hand. 

The only words of command to be given are, "Run in," **Run 
out," and " Ready.'' 2 chaliss the bed, and coin, and the giuis are- 
reUdd whilst loading. 

ArBANGEMENT FOR FiGHTING BOTH SiDES. 

When necessary to fight both sides, the whole of the guns are to be 
manned, and worked with ''Half craws'* (as in casting loose); but 
if from casualties or other causes this is not practicable, the right guns 
should be left in after the first round, and the left guns manned and 
worked with whole crews. 

Note. — In Action, or Exercise, the working with *' half crews " should not 
be continued beyond 3 or 4 rounds, as after this, owing to casualties and the 
fatigue of working on this plan, the firing would be more effldentjy kept up 
by working every other gun. 

Instructions for a Simultaneous Concentrated Fire, 

'* The lines should always he hooked on at the ports 
directly after casting loose" 

The bearing, heel, and distance, having been given from tha upper 
deck, the officers of the different divisions of guns will name the 
elevation, or depression to be given by marked coin (allowing for the 
distance and heel), together with the bearing, and then give the 
order, " Lay the guns ;*' on which the Nos, 1 are to give the orders for 
training, holding the lines immediately under the maiks overhead, 
denoting the bearing, and the guns are to be trained till the sights 
are parallel to the lines : Nos. 1 then give the word " Elevate " and 
direct 2 to give the guns the required elevation, or depression, making 
the lines fast to hooks overhead ; they then resume iksA \x\i^ss. \saset^^ 
and wait steadily ior the orders " Ready ,**^ "¥\t%" ^\aOcL «t^ \ft>» 
girea by the oOScer attending the director. 
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Dismount 

THE GUN. 



Mount 
THE gun 



.} 



Dismounting, and Mounting. 

No. 1 gives the word "Run in," then "Elevate," 
ta^es out the coin, throws back depression cho(^ 
and sees the gun laid square between the homdng- 
bolts; 2 prepares the train-tackle, hooks it to the 
runner, and lowers the gun ; 3 and 4 pass the 
muzzle-lashing; 7 and 8 take out the keys, throw 
back the cap-squares, unhook the side tackles, and see 
the carriage clear; rear-men provide and hook the 
runner. 

When the muzzle-lashing is passed, 1 gives the 
word ** Dismount," and all the Nos. man the train- 
tackle, except 1, 3, 4, and the handspikemen ; 3 and 
4 remain at the muzzle-lashing until hU parts bear an 
equal strain ; handspikemen assist until of no further 
use, and then go to the train-tackle. 

Everything will be replaced bj the same Nos. 



NoTB. — When ordered to ** DismourU" No. 1 makes up the trigger-lfaie round 
the loch^ attends the coin to assist the handspikemen, leaves it on the bed ready 
for mounting, and when the gun is high enough, gives the order, ** Well 1 Run 
the carriage back," he then replaces the depression chock. 



REVOLTING GITN EXERCISE. 

With a Crew op 17 Men, and upwards. 

The crew are assembled as in the established gun exercise. 
Gun Nos. 1, 2, 3, 4, 5, 6. 

Auxiliaries, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, &c. 
Traversing-tackle-men, 7, 8, 
Handspikemen, 9, 10. 
AssisUmt handspikemen, 11, 12. 
Compressor-men, 13, 14, 

Rear-men. — 16, the right rear-man ; 17, the left rear-man (or the 
tvco highest Nos.), 



1. The Captain. 
4. Sponger. 



3. Loader, 

6. Assistant Sponger. 

Providing Stores. 



5. Assistant Loader. 
2. Second Captain. 



No. 1, Provides 3 vent-plugs, priming wire, tube-box, spare trigger^ 
line, vent-bit, sees the lock fixed and fit for use, and places hand- 
spikes. 

2. Assists 1. 

3. Shot-grummet, spare breeching, wet swabs, wads, and fuze^ 
wrench. 

4. Shot'grummet, spare breecYimg, fti^W^k^V, wvSl i'^o sto^ hand*- 
pikes. 
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5. Bearer, and shot. 

6. Sponge, rammer, worm, and shot. 

Stationary, and exti-a powdermen, two cartiidge-cases, and two 
cai'tridges each. 

Note. — Spore locks, and hammers are to be provided by the 2nd •eapti^-; 
axletrees, and trucks by 11 and 12. 

Shells ore always to be provided by the two highest Nos. 

When pivot guns are mounted as broadside guns, and oifly onecrew can be 
allotted to tu-o guns, the "Stores" should be provided with '*Both sides 
manned," as laid down in First Instruction. 

Exercise with 17 Men. 

No. 1. The captain ; commands, attends the breeching, primes, 
points, fires, and stops the vent, 

2. The 2nd captain ; assists 1, inins oat, attends the apron, coin, 
lock, and rear-bolt. 

3. Loads, rams home, runs out, attends fighting-bolt, shackles, and 
unshackles breeching. 

4. Worms, sponges, rams home, runs out, attends stop-handspike, 
shackles, and unshackles breeching. 

5. Brings up shot, or shell, runs out, traverses, and spans the 
breeching. 

6. Gives sponge, rammer and worm to 4, runs out, traverses, and 
spans the breeching. 

7 and 8. Run out, attend traversing-tackles, and shift side- 
tackles. 

9, 10, 11-, and 12. Run out, attend handspikes. . 

13 and 14. Run out, traverse, and attend compressors. 

15. Runs out, and ti*avei-ses. 

16. Traverses, shifts traversing-tackle, attends stop-handspike and 
train-tackle. 

17. Traverses, shifts traversing-tackle, brings up shot, or shell, and 
attends train-tackle. 

Note.— These Nos. will be reduced for liglhter, or increased for heavier guns, 
as may be necessary, when the rear-men will do the duties of 16 and 17. With 
less than 15 men, Nos. 11 and 12 will attend compressors. 

When slide guns are fitted with Fei^uson's Compressor, No. 8 is to attend it. 

Stations for Casting Loose a Hevolving Gun, 

1 and 2 place handspikes, and provide stores; 3, 4, 5, and 6, 
provide stores, and clear away side -tackles ; 7, 8, 16, and 17, clear 
away, and hook on traversing-tackles to fore part of slide; 9, 10, 11, 
and 12, clear away spans, and unscrew span shackle-bolts ; 13, 14, 15, 
16, and 17, clear away the poi"ts and berthing. When the gun is 
clear, No 1 gives the word •* Action on the fighting-bolt ♦ ♦ ♦ " 
** Right (or Left), traverse," and when on the fighting-bolt named,* 
** Well,** the gun is then searched, loaded, and run out. While thft 
gim is being searched, the breeching should V>ft s\i»s3i^^'Wi'^^^'^^^ 
side. 
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SERVICE CHABGES. 
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Stations for Casting loose a Broadside pivot Gun 
{both sides manned). 
No. 1 places handspikes, and proyides stores; 3 and 4 pnnride 
stores, and clear away side-tackles ; 5 and 6 clear atvraj spans, and 
unscrew span sbackle-bolts ; 2, 7, 8, and 9, clear away, and hook on 
traversing-tackles, and unship ports, and berthing. When the gon 
is clear, No. 1 gives the necessary orders for getting it on the figh^ig- 
bolt; the gun is then searched, loaded, and run out. While the 
gun is being searched, the breeching should be shackled to the 
ship's side. 

Words of Command. 

*« Traverse." 
« Ready.*' 
« Fire.^' 
" Stop the vent." 

NoTB.— When the direction of the gun is to be altered, the word ** Traverse " 
is to be given if the gun is in, and " Point" when the gun is out 



« Prime." 
** Point." 
" Elevate." 



«« Sponge." 
** Load." 
" Run out." 



The Service Charges 


FOR THE FOLLOWING GUNS. 


Nature of Gun. 


Weight. 


Length. 


Charge. 








Distant. 


Pull. 


Reduced. 




cwt 


ft. in. 


lb. 


lb. 


lb. 1 


68.Pr 


95 


10 


16 


12 


8 


10 Inch , . . 


84 


9 4 


12 


• • 


• . 


o „ ... 

O ,j ... 


65 
60 


9 0) 
8 lOf 


10 


8 


5 


o ,, ... 


52 


8 


• • 


8 


5 


8-Inch Carronade. 


36 


5 4 


• • 


5 


• • 


32-Pr 


56&58 


9 6 


10 


8 


6 


O^ )) '^ « * • 


50 


9 


• • 


8 


5 


32 „ B . . . 


45 


8 6 


• • 


7 


5 


32 ,, C . • • 


42 


8 


• • 


6 


4 


oZ ,, • • • 


32 


6 6 


• • 


5 


3 


O^ ), • . • 


25 


6 


• • 


4 


2J 


32*Pr. Carronade • 


17 


4 


• • 


2lb. lOoz. 


• • 


i(The charge of all other Carronadei 


3 is also 1- 


12 th the w 


eight of th 


eir shot.) 


24-Pr. Howitzer , 


12J 


4 8 


H 


• • 


• • 


12 „ . . . 


10 


4 6 


2 


• • 


• • 


12 „ . . . 


6i 


3 9 


U 


• • 


• • 



The 68-pr., and 32-pr. guns of 58, and 56 cwt. may be double- 
shotted as far as 400 yards. 

The -A" and "B" ditto ditto 400 „ 

The "0" guns ditto ditto 300 „ 

The 32, and 25 cwt. 32-pr. guns, and 8-inch 65 and 60 cwt. guns 200 „ 

Carronades, the 8-inch 52 cwt. and ihe 10-\nd;i g»>Mka» w% \iftN«t \o \» ^Q>ubl«- 
shotted. 
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AUoioance for the Deflection of Shot occasioned by the Wind from 

a 32'pr. 56 cm?*., charge 8 lb. 

In firing with a moderate breeze (force 4) across the range, an 
allowanoe of 1 foot for eveiy 100 yaixls of distance has been found a 
correct guide. 

With a moderate gale (force 7) across the range, 2 feet for every 
100 yards of distance. At 1000 yards' distance witii the latter force 
of wind (7) against the itmge, J° more elevation should be given; 
and when with the range, ^ less elevation, than in the Range 
Tables. 

MORTAR EXERCISE. 
13-Incm SeA'Sebvicb Mobtab. 



»» 






Providing Stores. 

No. 1. Provides tube box, and plummet. 

2. Sponge, sheepskin, and handspike. 

3. Shell hooks, and handspike. 

4. Traversii^ tackles, and priming wire. 
„ 5. Tngger-iine, and I'uze implements. 
„ 6. Cartiidge case. 

Exercise with 8 Men 

[in a Mortar Boat), 

No, 1. Commands, points, and primes. 

2. Sponges, wipes the bottom of the shell, uncaps the fuze, 
assists to put in shell, and traverses. 

3. Puts in cartridge, assists to put in shell, and traverses. 

4. Clears and serves the vent, pricks the cartridge, and 

ti-averses. 

„ 5. Prepares fuzes, takes them to 8, traverses, and fires. 

„ 6. Brings cartridge, and occasionally relieves 7. 

„ 7. Prepares cartridges in the magazine. 

„ 8, Prepares and hooks on shell in the hatchway. 

Weight of mortar, 100 cwt. Extreme charge, 20 lb. 
Weight of shell, 200 lb. Bursting charge, 10^ lb. 

N.B. — Land sei-vice mortars are worked in a similar manner, the 
only difference being that handspikes are required for running up and 
training, and a shell beflm, or shell hooks for bringing up the shell. 
They are trained for the object by bringing them on with pickets 
placed in the parapet for the purpose. 

All mortars with the ordinary coin, are elevated at an angle of 

45° ; this elevation may be altered if necessary by putting in an 

additional coin, or, by substituting a smaller one for that commonly 

used. 

Weight of I3.inch land service moitar, 3ft cwt. 'Eo&tea^ 0c^3sx%^>*^ ^> 
10 „ „ 18 „ „ \** 



246 RED HOT SHOT. [PABT IX, 



INSTRUCTIONS FOR THE USE OF RED HOT SHOT. 

1. Red hot shot are not, for the present,, to be fired from any gons 
but 68 and 32-pr8. ; the chai'ges used must not exceed { of the 
heaviest charge allowed for the gun, as the expansion of the shot by 
being heated oonsicterablj decreases the windage, and consequently 
much increases the stress on the gun: thus the 56 cwt. 32-pr. 
gun, whose heaviest charge is 10 lb., should not be fired with a 
higher charge than 8 lb.: the charges for other guns must be like- 
wise proportionably decreased. 

2. To prevent accidents, eveiy ship will be allowed a red hot shot 
gauge, through which the shot are to be passed before they are 
brought away from the furnaces : a red hot shot bearer will also be 
supplied, in which the shot are to be triced up, and then conveyed to 
the guns ; but if these are not issued, the shot can be triced up in the 
ash buckets. 

3. Shot can be readily made red hot in the furnaces of steam 
vessels, and to a moderate extent this can also be done in the copper 
holes of sailing ships ; a 32-pr. shot will become red hot in the fur- 
nace of a steamer in about 15 minutes, and care must be taken that they 
are not heated beyond a bright redy as otherwise they are liable to fuze, 
and to become misshapen, and if so used they would be very liable to 
jam in the gun. 

4. It is very dangerous to fire a shot when jammed in a gun, but a 
red hot shot may be rapidly cooled by water, which will cause it to 
contract, and the shot will then probably be easily removed from the 
gun ; but if not, a small quantity of powder introduced down the 
vent, after the charge has been destroyed, will eflfect its removal with 
certainty. 

5. Shot expand about ^ part of their diameter when heated to a 
bright red; therefore, as the mean diameter of a 32-pr. shot, 
when so heated, is 6*273 inches, it is considered unsafe to fire red 
hot shot from either the 32 cwt, or the 25 cwt. 32-pr. guns or 
from the 32-pr. carronade, as the windage of those guns is very 
small. 

6. Clean shot, and shot that pass readily through the cold shot 
gauges, should be used for firing when red hot ; the shot must be 
scraped and cleaned to remove the scales and dii-t, and then passed 
through the hot shot gauges, before they are sent up from below. 

7. Whilst shot are being heated they should be turned, as the part 
resting on the furnace bars heats much more rapidly than the upper 
part ; when the shot are heated to a bright red they must be removed 
from the furnaces whether they are wanted, or not. 

8. Great care must be taken that the cartridges used ai'e not in any 
way broken, or damaged. A number of dry and wet junk wads must 

be in readiness at the guns, a\BO a ti\xm\MT of wet grummet wads ; 

these wads should be soaked in 'waVftr fox \n«jo ot >;\\wft VQxxw'Vi^'wN:. 

hand, and then the water weW pressed o\xt oi V\v«ai, wx^ «k^ mxfflJ^Xjfc 
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taken that they are made small enough to fit easily in the gnns when 
swelled by being soaked, otherwise the loading will be very difficult ; 
the sponge should also be well damped, and water kept at the guns in 
case of accidents. 

9. It has been found by expeiiment, that red hot shot do not bura 
more than the outer yarns of a well«soaked junk wad, even though 
left in the gun for a considerable period ; and it has been also proved, 
that there is but little danger of the cartridge becoming ignited, even 
though quantities of smoke should come up through the vent ; the 
grummet wad over the shot is necessaiy to prevent it from shifting in 
the bore from the motion of the vessel, or otherwise, and it should be 
well soaked to prevent it catching fire. 

Precautions for loading guns mth Bed 7u>t Shot, 

First, the carti'idge, then a dry junk wad, and then a wet junk wad 
are to be entered by No. 3 ; and 4 is to force them home together ; it 
is recommended that this should be done with a damp sponge to 
insui-e any grains of powder being destroyed that may remain in the 
gun ; No. 1 pricks the cartridge, and 4 withdraws and returns the 
sponge. 

The shot is then to be brought up to the lefl of the gun, and 
entered by 3 and 4 ; the gun should be laid with sufficient elevation 
to allow the shot to roll home of itself; 3 then places a wet grummet 
wad [over the shot, and 4 receives the rammer, forces it home, and 
assisted by 3, gives it two smart blows to insure the shot being close 
nome. 

After the loading is completed, the gun is to be run out, trained 
and elevated for the object in precisely the same manner as when 
firing cold shot ; but the sooner the gun is fired the better, as the shot 
not only cools very rapidly when in the gun, but it is believed that it 
has 8 tendency to become misshapen from cooling unequally. It is 
further recommended, when firing red hot shot, to select those guns 
that may be the nearest to the engine room hatchway, and not to 0re 
them indiscriminately from all guns. 
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- HEAVY RIFLED OUNS. 



[part iz. 



Call for action. 



Exercise for Heavy Rifled Guns, mounted on SLiDEa^ with 
A Crew of 14 Men at the 7-inch M.L. and 15 at tbb 

8-INCH AND 9-INCH GUNS. 

Preliminary Drill, 

At the ** Call for action," the statioiiaTy 
powdeimra repiur to the magazine scuttle for 
a cartiidge each, and then return to their places 
in the rear of their guns amidships, ready to 
receive all further supply of powder fr«a the 
extra powdermen. 

The guns are to he loaded with fall charges 
and shell, and ran out ; but are on no account 
to be fired without distinct orders from the 
upper deck. 

NoTB.— Should the Gommanding Officer wish to load with any diarge or 
pro{JectUe other than the aboveHnentioned, he will conmunicate hk ordears by 
means of the voice tabes, and the " Attention " call of the bugle. 

The call for action preceded by one *' 6 " is for exercise, the same as for action, 
but without powder; and when by two "G's," for inspection. 

A roll of the drum will correspond with one " G " on the bugle. 



Position 

WHEN 
UP. 



OP Nos. 

CLOSED 



port. 



No. 1, the captain, on the slide, fitcing the 



2, the second captain, on the right of 1, 
clear of the recoil. 

3, the loader and clampman, close to the 
ship's side, on the left. 

4, the sponger and clampman, close to the 
ship's side, on the right. 

5, the assistant loader, in rear of 3. 

6, the assistant sponger, in rear of 4 ; and 
so on. 

7 and 8, compressor and training tackle 
men. 

9 and 10, levermen. 

The two highest Nos. rearmen. 

Note.— The Nos., except 1 and 2, stand quarter-face to the gun. When 
desirable, for drill pnrxxjses, to change duties, at the order " Change rounds " 
No. 3 becomes 4, and the remaining Nos. move round one place to the left. 

Number. No. 1 to the highest No. 

The Nos. are re- No. 1, 3 vent plugs, priming wire, vent bit, 

SPONSIBLE FOR and spare trigger-line. 

2, levers and tubes. 

3, spare breeching, wet swab, wads, and 
shell burton. 

4, sponge, rammer, worm, and fire bucket. 
5 and 6, bearers, shot, and grummet. 
Stationary asi'i «x\.t«^ -^^dftrmen, one car- 
tridge each. 

NaTE.-Witb 8.fa. and 9.in. guns. 11 and \1 are ^.^^^^^^'^'^l^^'^S^^^" 
With revolving and chase gnns. 4 auw^V^*^^^ ^^\«^^^^%. 



the following 
stores. 
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Duties in casting Nob. 1 and 2 pass the levers to 3 and 4, 

LOOSE WHEN SE- who bear out, and 2, 9, 10, 11, and 12 trice 

CUBED INBOARD. Up the port. 

3 and 4 cast off the muzzle-lashing. 

5 and 6 provide shot. 

7 and 8 clear awaj training tackles. 

9 and 10 clear away breast fi*apping and 
side tackles, and ship levers. 

11 and 12 ship winch handles, and provide 
shot. 

Rearmen assist 7 and 8 in hooking training 
tackles, and attend preventor ropes. 

No. 1 gives the word " Elevate," sees the 
gun laid square, searched, loaded, and run out. 

2 coils up the lashings. 

When the gun is out, 2 takes up the I'ear, 
3 the front flap. 

NoTB.— Rearmen screw in <* Train bolts," and hook outer blocks of training 
tackles. 

In casting loose from the housing position, it will generally be unnecessary to 
run slide guns in, as they are already In position for loading. 

With npper deck guns, the Nos. above 8, having completed their respective 
duties, dear away ports and berthing. 



Prime, 



Point, 



No. 1 places the tube in the vent and half- 
cocks. 



No. 1 adjusts the sight, gets on the direction 
of the object, and then retires to the extent of 
the tri^er-lme. 

Levermen ship levers for training. 

The remaining Nos., except 2, 3 and 4, man 
the training tackles. 

NoTB.— The position of Nos. on training tackles will be— 

Preventor Ropemen outside ; remaining Nos. inside. 
Training Winchmen 6, 7, II, and 13. 

Elevate. The lever, and clamp men lay the gun under 

the direction of No. 1. 

Note. — ^The Levermen retom to the pointing position after the clamps are 
setup. 

When laying the gun by *' Wood scale," 2 attends it ; when elevating with the 
gun in, 11 and 12 attend the clamps. 

When the sight requires alteration or heel of the ship changes, 1 will give the 
word " Elevate," and 2 will " Half-cock" 

When firing with more elevation than the port will allow, a quoin will have 
to be used, as the clamps mtut be left slackened. When the elevation is likely 
to remain unaltered, the drum should be chalked. When necessary, the eleva- 
tion required for loading should be given directly the gun is in. 

Ready. I No. 2 cocks the gun, levermen unship levers, 

I rearmen attend preventor to^. 

Note.— When necesBary to train the gun alter tY^e woxd **"S*eA^r ^fiDfe'VK'«% 
will be uaed, and withdrawn immediately the word **'Y7«VL*' V& %V7^^ 
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Fire, 



HEAVY RIFLED GUNS. 

No. 1 fii*es with a suitable jerk. 



[part iz. 



NoTBi— When the gnn ha» recoiled, Leverra^ ship the levem for numli^ in ; 
T and 8 hitch the training tackles. 

Run in. No. 1 makes up the trigger-line ; all the 

Nos. then man the preventor rope, except 1 and 
2, who attend levers. 

Note. — When necessary, 3 and 4 attend side tackles^ and 7 and 8 oompreasorsw 

When running In, one part of the preventor rope only is to be manned. 

When the ship is roUing, the Levermen ^ould ease up the levers qnidc^ 
when required. 

When the gnn is in, No. 1 holds up his hand; Rearmen Becare prevents 
rope J Compressor-men set up compressors. 

When running in with winches, 9, 10, 11, and 12 man the winches^ 1 and 8 
attend nipping levers; 4 attends the tripper. 

Sponge. f No. 1 puts in a vent plug, 3 and 4 step 

inside the breeching together; 6 gives the 
sponge to 4, who, assisted by 3, forces it hard 
home to the bottom of the bore,, giving it a 
round turn ; he then withdraws it and 6 gets 
the rammer. 

Note. — No. 6 will give the rammer before returning the spongy. Should fire 
be observed on the sponge, or in the bore, the gun is not to be loaded until it has 
been completely extinguished. 

While the gun is bsing sponged, 5 and 13 bring up the projectile. 

When the rope sponge is used, 6 holds it with the sponge in his right hand 
and rammer in his left. On the sponge being withdrawn by 4, 6 passes the 
rammer on his left, and behind hun, so as to hold it in his right hand ready for 
loading. 

Load. The powderman l^gives the cartridge to 3, 

who enters it to the full extent of his arm ; 
4 rams it home. 

5 and 13 place the projectile on the slide, 
3 and 4 enter it and ram home. 

4 springs the rammer, 6 returns it, 3 and 4 
step out. 

Note.— When the rammer is withdrawn, 1 pricka the cartridge. 

With heavy guns, 5 hooks the burton to the bearer, and attends the guy ; 1, 
9, 11. and 13 trice up the prqjectile, when slung; 3 steadies the shot after 
sponging. 

The mark on the rammer staff will indicate when the ftitt. chai^ and 
common shell are home ; and allowance is to be made when other charges are 
used. 

Whilst the gun is in, 2 hooks on a tube ; when necessary, 3 shifts the shell 
burton. 

Run out. All the Nos. run the gun out by the side 

tackles, except 1, 2, and reaimen, who attend 
lever and preventor ropes. 

NoTB,—f and 8 man the falls on U\e Vn^&e, axvd attewd the compressors. 
When the gun is out, 6 and 6 coW down t>ae «:\d«i\adiKi«k \«XV&. \\. ^V»\ ttfe. 
quently occur that the side tacklea need no\.\» xjaed. \q. rasaiajD^ wl\.» w»k 
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staoald be taken to prevent the carriage firom striking heavily i^ainst the buffers, 
as the projectile is thereby liable to be displaced ; and the levers should be 
attended as in running in. 
The preventor ropes are akoayi to be eased with a turn round the bollards. 



WOODEN SIDE TANGENT SCALE. 

Instructions for adjusting the wooden side Tangent 
Scales to Guns, and for their use. 

The gun, when on its carriage, and run out in its place in the ship, 
is to be laid perfectly horizontal, and the foot of the scale is then to 
be shortened (if necessary), so that, when held, and resting in a per- 
pendicular position on the step of the bracket, the line of ^e Zero, or 
O, is brought into coincidence with the line of the quarter sight. 

Previous to using the tangent scale, it will be necessary to observe 
the degree of the heel, or inclination of the ship, by means of the 
pendulum supplied with the scales, and an elevation, or depression is to 
be given to the gun to the amount shown, in order to bring it to the 
horizontal position; and the degree of elevation, required for the 
estimated distance from the object to be fired at, is to be reckoned 
from the point on the scale then opposite to the quarter sight. 

Note. — The gun Is to be laid horizontally by means of the spirit level, or by 
common level with plumb line, laid from back to front sight. 
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ABMSTBONG GUNS. 

SEA SERVICE. 

Extracted hy permission of the Lords Commissioners of the 

Admiralty.) 



Armstrong Gun Instruction, 
parts of the gun. 

Bofre,^^k wronght-iron many-grooved rifle barrel. 

Chamber, — The portion of the interior of the gun extending from 
the forepart of the slot to the commencement of rifling, of greater 
diameter than the bore, in order to receive easily the projectile, and 
cartridge. 

Breech, — ^The portion of the gnn, extending from the forepart of the 
slot to the rear. 

Breech Screw, — A cylinder of iron with a screw turned on the out- 
side, working in a female screw in the breech, presses the vent piece 
into its place when the gun is loaded. 

Vent Piece. — A plug of steel or wrought iron, containing the vent : 
this plug when in the slot forms the bottom of the chamber, and is 
firmly fixed in its place by the action of the breech screw. 

A conical ring (generally copper), on the front face of the vent piece, 
corresponds to a conical copper ring at the end of the chamber. 

Breech Lever,- — A weighted arm on the end of the breech scraw. 

Cams. — Four projections, two on the breech screw, and two on the 
lever, to enable the latter to be used as a hammer. 

Tangeni Btng,—A ring of brass on the rear end of the breech, 
forming a socket to contain the — 

Tangent Sight, furnished with a moveable sight for giving deflection. 

Trunnion Sight, — A dispart on the trunnion. 

POINTS TO BE PARTICULARLY ATTENDED TO IN ORDER THAT THE 
GUN, ETC., MAY BE PRESERVED IN PROPER WORKING ORDER. 

Breech Screw, and Bore. — The breech screw, to be thoroughly 
cleaned and oiled after firing, the bore to be kept carefully greased to 
prevent rust. 

Elevating Screw, ^c, — This screw should not be removed from the 
bed oflener than is absolutely necessary, no attempt should be made to 
keep it bright, and it must never be cleaned with emery, brick dust, or 
other material of a like description. The occasional application of a 
little oil will be sufficient to preserve it in working order. If these 
precautions are not attended to, it is liable to work loose, and greatly 
interfere with the conect laying of the gun. When the elevating 
screw is worked with a ratchet and lever, caie must be taken that the 
collar of the ratchet be kept ^well oiled and in perfect order , «i \fea&. 
when disengaged from the ratchet, it may mo^ft xo\m\ Ir^^ ^SJ^w^ 
in anjr way affecting the filevating screw. . 

Surfacin^--Too]s are supplied for facing VK% co^V^^x ^\\v^ ^'^ '^^'^^ 
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breed), and veDt pieco ; the sur&dDg ihould be performed after erer; 
100 rounds, or oftcner if neeeuarf. 

Tbe gun, howeier, will not be iDJnnd ahoold this operalua be 
Delected. 

Note. — The beat micbinerjr oil sbonld U nied for the aocw and 
workiog peiie of tbe gun. 

(^nging Boanda. 
No. 1 becomes 5 



10 




lliNNINO B 

I Esch watch vitl repair to its respective nde, the 
" Man both sides." |o<<4 Dumbers etandiogto the left oithe leftguos; 
(even uuoibetB to the right of the right guns. 
Left guns — 3 becomes 2 



&c. 



&c 



1E8 (both Sidea matated). 
No. 1 provides tube boi. Tent bit, spare trigger lint, tangent sigh 
and places handspikes. 
No. 2, vent piece, spoje br*BAi\iig, Wii ^oie -wioiAv. 
tie. 3, sponge, rammei, lutiicatiog -WBaa, a^^> »a* p«oao«,. 
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Stationary and extra powder boys, two cartiidge cases, and two 
cartridges each. 

JYo^^.— 7With heavy guns, 3 provides a beaner, and 2 assists in pro- 
viding shot. The shot are placed in a grummet or rack in rear of the 
gun. 

" Man the Starboard or Port Ouns," 

EXERCISB WITH 13 MeK TO AK ARHSTBONO GUN. 

Mounted as a Broadside Gun, 

No. 1. The Captain, commands, attends the breech, primes, points, 
and fires. 

2. The 2nd Captain, assists 1, attends vent piece, runs out, attends 
coin or elevating screw, lock, and handspike. 

3 attends vent piece, runs out, and trains. 

4 runs out, loads, sets the fuze under the direction of 1, and trains. 

5 runs out, sponges, rams home, and trains, 
6, 7, and 8 run out, and train. 

9 and 10 run out, and attend handspikes. 

11 runs out, and attends handspike. 

12 runs out, and trains, or (if necessary) attends ti-ain tackle. 

13 brings up lubncating wad, shot or shell, and trains. 

Note, — With light gans, 2 attends the vent piece, 3 sponges, and 
4 loads. With heavy gans, 2 assists 1 with the breech lever, 3 and 4 
attend the vent piece, 5 and 6 sponge, and load. 

N.B. — The preceding duties, and the following drill, will answer for 
every description of Armstrong guns ; the various complements of 
men, and the difference in the can'iages on which they may be mounted, 
requiring some slight modifications. 

Worck of Command, Sponge. Load. Cartridge. Home. Piime. 
Point. £levate. Ready. Fire. Run out. Run in. 

abrangement fob fighting both sides. 
When necessary to fight both sides, the whole of the guns are to be 
manned with half crews, and worked with the reduced complements on 
precisely the same principle as that laid down for the full guns' crews ; 
but when from casualties or other causes this is not practicable, iJien 
the right guns should be left in afler the first round, and the left guns 
manned and worked with whole crews. 

Revolving Gun Exercise, with a cbew of 17 Men to a 

lOO-PE, AMiSTRONG GUN. 

The crew are assembled, and stationed as for a broadside Armstrong gun. 

Guns . No. 1 to 6 

Auxiliaries 7 „ 17 

Traversing tacklemen .... 7 and 8 

Handspikemen 9 » 10 

Assistant Handspikemen . . . 11 „ 12 

Compressor men IS ,, 14 

^earroeo, 16 the right rear maii «fli^ Al Vlofe \«S\. x'ax -««&. 
(or the two higJiest numbersY 
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Providing Stores. 

No. 1 provides tube box, vent bit, spare trigger line, tangent 8^t» 
and places handspikes. 

2, vent piece, and assists 1 . 

3, lubricating wads, tin cups, shot grummet, and spare breechii^ 

4, shot grummet, spare breeching, fire bucket, and two stop hand- 



5, sponge, rammer, and shot. 

6, fuze wrench, bearer, and shot 

Stationary and extra powder boys, two cartridge cases and two 
cartridges each. 

Note, — When pivot guns are mounted as broadside guns and only 
one crew can be idlotted for two guns, both sides are manned, and the 
stores provided as laid down in the exercise for a broadside gun. 

In oi-der to avoid injury to the sights of upper«deck guns, from the 
working of ropes, &c., they are not to be kept shipped, ezoept when 
actually required for use, but should be placed inside the bracket of the 
carnage, in staples or sockets fitted to receive them. 

Exercise with 17 Men. 

No. 1 , the Captain, commands, attends the breech, primes, points, 
and fires. 

2, the Second Captain, assists 1, attends the breech, coin or elevating 
screw, lock, and rear bolt. 

3, traverses, attends vent piece, and fighting bolt. 

4, traverses, attends vent piece, and stop handspike. 

5, traverses, sponges, enters shot or shell, and rams home. 

6, traverses, sponges, enters shot or shell, and cartridge, sets the ftize 
under the direction of 1, and rams home. 

7 and 8, I'un out, attend traversing tackles, and shift side tackles. 

9 to 1 2, run out, and attend handspikes. 

13 and 14, run out, traverse, and attend compressors. 

15, runs out, and traverses. 

16, runs out, traverses, shifts traversing tackles, brings up shot or 
shell, attends stop handspike, and train whip. 

17, runs out, traverses, shifts traveling tackles, brings up shot or 
shell, and attends train whip. 

Note. — If necessary, all the numbers assist in running out. 

The crew will be reduced for lighter, or increased for heavier gnns, 

as may be necessary, when the rear men will do the duties of 16 and 17 ; 

with less than 15 men, the assistant handspikemen will attend the 

compressoi-s ; and with less than 14 men, 2 will be the right assistant 

handspikemen. 

When the inside compi^aaox \ft\3fife^,l «a!\%'^*^^\XfcxiV\\.«i\ii^ 

ressrpectiVe sides. 
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PROJECTILES. 
For the 100, 40, and 20-pr. Guns. 

Three descriptions, viz.. Solid Shot, Common, and Segment SMI. 

Solid shot, of wrought, or cast iron, with either a flat, or conical 
head. 

Commcm shell, of cast iron, with a cavity safficient to contain a 
large bursting charge ; the head is conical and fitted with a femal^^ 
screw which receives the plug or fuze. 

Segment shell, the 100-pr., contains 112 cylindro segments of cast 
iron, the 40-pr. 64, and the 20-pr. 78 ; in the centre is a cavity 
sufficient to contain the bui*sting charge, &c. ; the head is conical, fitted 
with a female screw which i^eceives the plug or fuze. 

For the 12, and 6-pb. Guns. 

Only one description for these guns, viz., S^ment shell, which is ot 
the same construction as that for the heavier guns, but contains only 
49 segments. 

FUZES. 

For the 7-inch, and 40-pr. Guns. 

Two descriptions, viz., Time and Pillar, 

Time fuze is of gun metal, the parts kept firmly together by a cap, 
which must be loosened in order to adjust the fuze ; round tlie centre 
runs a band of pressed mealed powder, covered with varnished paper, 
marked in inches, and tenths. 

To adjust the fuze, loosen the cap with the fuze wrench, then turn 
the metsd collar round till the arrow mai'ked on it corresponds with the 
length of fuze required, then tauten the cap by hand, after which screw 
it firmly down with the fuze wrench. The portion of the scale left 
blank, covers metal, and when the fuze is not required, the arrow on 
the collar should always be set on this met«l. When the time fuze is 
set to zero, the shell will burst immediately on leaving the muzzle ; it 
is therefore thus set when it is intended to use a projectile as case. 

Note, — The fuzes are not to be screwed into the shell till required' 
for use. The female screw in the head of the 7-inch, and 40-pr. shell, 
is of the G. S. gauge, the tap of the time fuze is of a less gauge, 
consequently a hollow metal socket (called an adapter) is supplied, 
fitted with a male screw on the outside of the Moorsom gauge, and on 
the inside with a female screw of the gauge of the time flize ; this 
socket being screwed into the head of the shell, receives the time fuze. 

It is in contemplation to have the fuze holes of one gauge for all 
shell. 

Pillar fuze, — ^This fuze is intended to explode the shell on striking 
the object ; it is screwed into the head of the shell and requires no 
fitting. The tap of this fuze being of the Moorsom gauge, no adapter 
is required. 

Fob the 20, 12, aiid 6-?b» Otis&. 
Two desaiptioDs, viz., Timet and Percussion, 
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Time fuze, the same as that used for the heavier deacripti<m8 <^ 
Armstrong guns. 

Percussion fnze.^-This fuze is intended to explode the shell on 
sti'iking or grazing; it is placed in the shell immediately |,abore ilie 
bursting charge, a plug or time fuze, fitted for the required distaiioe» 
being screwed into t^e point of the shell. 

Note, — ^The percussion fuze is only intended for the segment shell ; it 
may be used either by itself or in combination with the time face ; but 
when using the time fuze with the segment shell, the ooncussioii fVixe 
must always be used in combination with it. 

BUBSTING ChABGES FOR THE YABIOUS DESCRIPTIONS OF SHELL. 

Vide Table, p. 209. 



Common Shell • 



SegnKut Shell '. . . 



lOO-Pr. 



( 
{ 



8 lbs. 
LG 

3 lbs. 
LG 



40-Pr. 



2} lbs. 
LG 

10 oz. 
LG 



20.Pr. 



lib. 
FG 

l^oz. 
FG 



I2.pr. 



} 



» 



oz. 



All common shell and the segment shell for the 100, and 40-prB. are 
loaded in the ordinary manner, the bursting charges being composed of 
loose powder. 

The bursting charge for the 20, 12, and 6-prs., segment shell, is 
contained in an iron cylinder ; this is slipped into the shell, and when 
the shell is not requii-ed for use, it is kept in its place by a wooden 
plug covered with serge ; when the shell is required for immediate 
service, the wooden plug is removed and the percussion fuze takes its 
place. 

Note. — ^When using shells with loose bureting charges, care must 
be taken that they are completely filled with powder, othei'wise they 
will be very liable to burst in the gun, and may thus veiy probably 
injure the rifling. 

Length, etc., of the Various Descriptions of Armstrong Guns. 



Nature of Gun. 


100-Pr. 


40-Pr. 


20-Pr. 

(sea-service). 


12-Pr. 
(sea service). 


e-Pr. 


Weight complete 


82 cwt. 


32 cwt 


13 cwt 


cwt qr. lbs. 
8 24 


3 cwt. 


Length . . . 


10 ft. 


10 ft. 


5ift 


5 ft 10 in. 


5ft. 


Calibre . . . 


7 in 


4-75 in. 


3-75 In. 


3 in. 


2-6 in. 


Twist of Bifiing 


One turn in 
37 calibres. 


One turn In One turn in 
37 calibres. 1 38 calibres. 

1 


One turn in 
38 caUbres. 


One turn in 
30 calibres. 



Length of gun is measured itom Ta\n*\fc Vi t«;m <j\"\««fcOEk.,Tko\. 
inciu^Ung tlio \«eedDL «crev» . 
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Exercise for the Armstrong 12-fr. mounted as a 

Field Gun. 

The detachment fall in, two deep, in close order ; 1 tells them off 
from the right, 2 heing the right hand man of the rear rank, 3 the 
right hand man of the front rank, 4 the second man from the right 
in the rear rank, 5 the man in his front, and 90 on. 

Rear rank, 2, 4, 6, 8, 10, 12, 14. 

Front rank, 1, 3, 5, 7, 9, 11, 13, 15. 

Posts, and Duties with 15 Men. 

No. 1, between the breech and right wheel, points, and commands. 

2, between the breech and left wheel, attends breech screw, and vent 
piece, primes, and fires. 

3, one yard in rear of the right wheel, attends handspike, and loads. 

4, one yard in rear of left wheel, sponges, and rams home. 

5, five yards in rear of right wheel, serves ammunition to 3. 

6, ten yards in rear of 5, serves ammunition to 5. 

7, in real' of limber, serves ammnnition to 6. 

8, in rear of limber, assists 7. 

9, in the shafts. 

10, 12, 14, with the right drag rope. 

11, 13, 15, with the left drag rope. 

Words of command. Action. Load, Cartridge. Home. Ready. 
Fire. 

Changinq Rounds. 



1 becomes 3 


3 


f) 


5 


5 


»» 


15 


15 


>» 


13 


13 


)) 


11 


11 


»» 


10 


10 


»» 


12 


12 


Sf 


14 



14 becomes 9 


9 


u 


7 


7 


V 


8 


8 


>» 


6 


6 


*» 


4 


4 


if 


2 


2 


If 


1 


jOUUI 


1 the front. 



20-PR. Armstrong Field Gun. 

The dinll for this Gun, with the exception of dismounting, will be 
precisely similar to that for the 12-pr., the additional men being on 
the drag ropes. 
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BANGES, Era, ARMSTRONG GUNS. [PABT IX, 






HN £ 



CO 

O 

CO 
5Z5 



H 



O 
U« 

CO 

U 
"J 

5 






S :S 



CO 



^ 



»o 






4) 



8 

s 

a 
o 



4S 



- o 
O "^ 



yds. 
1500 


- *- 

o •# 


yds. 

1400 


o eo 


yds. 
1300 


'8 
o n 


yds. 
1200 


- o 

O «9 


yds. 
1100 


- *- 
O 09 


yds. 
1000 


- o 
eo 

O 09 


yds. 
900 


o « 


yds. 
800 


o -• 






yds. 
600 


- o 

O '^ 


yds. 

500 


- CO 

lO 

o o 


yds. 

400 


o o 


yds. 
300 


o o 


yds. 
200 


O O 


yds. 

100 


o o 




yds. 
3200 


- le 
oS 


yds. 
3100 


oS 


yds. 
3000 


lO 

o2 


yds. 
2900 


- 3 

oS 


yds. 
2800 

9 53 


yds. 
2700 


o « 


yds. 
2600 


•o 

O 00 


yds. 
2500 


O 00 


yds. 
2400 


- e 

O 00 


yds. 
2300 


t- 


yds. 

2200 


- lO 

O t- 


yds. 

2100 


- o 
o «o 


yds. 

2000 


o <o 


yds. 
1900 


.. o 
10 

O lO 


yds. 
1800 


C9 

O la 


yds. 
1700 




• 
• 

• 

• 


svation . . . 
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"NOTES ON NAVAL GUNS, 

THEIB STORES AND FITTINGS." 
By permission of the Lords Commissioners of the Admiralty,) 

Guns, Dimensions, &<;. 









T Anc^h 




Total Weight of Gun Oomplete, 








X«CU|r 


^WAA* 




with Ammnnltion and Stores. 




Weight. 














Extreme 
overall. 


Bore. 


Revolving. 


Side. 


Add 
if Chase. 




toiia.owti. 


ft. 


in. 


ft. 


in. 


cwt.qn.Ibt. 


owt. qn. 11m. 


owl qn. lbs. 


inch 


















»5 1" 

i J •'If 


18 
















12 


13 





10 


6 


t 818 9 


t687 3 


63 3 5 


M 8 ., 


9 


12 





9 


10 


t 625 17 


t467 1 24 


39 22 




» t « 


6 10 


11 





9 


3 


408 3 1 


309 3 13 


25 2 




I 64pr. 


3 4 


9 


11-6 


8 


2 


233 1 27 


141 1 


13 3 22 


• 


f 7-incli 


4 2 


10 





8 


3-6 


324 2 6 


231 1 10 


19 3 26 


S 




40-pr. 


1 15 


10 


1 


3 10-375 


159 3 14 


93 1 2 


9 26 


1 


tf 


Heavy 20 „ 
Light 20 „ 


16) 
13j 


5 


6 125 


4 


6*126 


{ :: 


48 7 
46 7 




3< 


Boat 12 „ 


8 


6 





5 


1-376 


* 41 24 


• • 




PQ 


Field 12 „ 


8 


6 





5 


1-375 


46 1 8 


• • 






Boat 9 „ 


6 


5 


2 


4 


4-5 


34 2 24 


• • 








6 „ 


3 


6 


0-125 


4 


5 


• • 


• • 








I Wedge 40 „ 


1 12 


8 


2 


6 


11-5 


156 3 14 


90 1 2 


9*0 26 




o« "(160 „ 


12 
6 


13 
10 10-75 


10 
8 


5 
9'5 


642 1 9 
374 8 


493 3 3 
282 2 27 


33 3 
20 2 6 


^0>inch . . . 


4 6 


10 


8-72 


9 


1-33 


303 6 


192 14 


18 2 13 




i 


3 5 


10 


2-72 


8 


9-27 


213 26 


134 3 20 


11 1 7 


• 


8-inch . . < 


3 


10 


0-86 


8 


7-35 


208 26 


129 3-20 


11 1 7 


§ 


^ 


2 14 


9 


2-75 


7 


9*7 


193 3 5 


119 3 16 


11 19 


►^ '68-pr. . . . .' 


4 15 


11 


4*55 


9 


5-9 


286 3 22 


218 1 6 


14 2 20 


** ) 

3 


/ 


2 18 


10 


7-45 


9 


0-65 


167 1 16 


109 3 6 


6 3 26 






2 16 


10 


6-14 


8 


11-2 


165 1 16 


107 3 6 


6 3 26 








2 10 


10 


0-42 


8 


7-08 


150 3 10 


99 19 


6 3 9 




««<^ .^^ 




2 5 


9 


6-96 


8 


1*23 


143 2 17 


93 17 


6 2 7 


^ o^-pr. . c 




2 2 


8 


11-91 


7 


7*25 


134 3 17 


87 1 2 


6 13 






1 12 


7 


5-6 


6 


0-3 


117 15 


74 2 23 


6 I 


« 


O.P. > 

In.p. ]■ 


1 5 


{J 


2-325 

8 


5 
5 


7-64 
4-1 


I 106 1 3 


63 3 11 


5 2 27 


g) 6-pr. . . . 
g i 24-pr. Howte. . 


6 


5 


4-82 


4 


9-47 


• • 


• • 


• • 


13 


5 


31 


4 


7-15 


• • 


41 2 10 


• • 



Add 16 cwt 1 qr. 9lb., for mnning in and out gear. 

If with field carriage, 64 cwt. 2 qr. 16 lb. 

'9, 8, and 7-inch ML.R. 

-o^r^A^ ^n^ ft*- J 150 and lOO-pr. S.B. , , 
Powder cases for < ,« ^ ^^ ^^^ ^^^ 

remainder . . . 



C9. 8, 1 
]l50a 

(then 



Oormgated. 



HATXL QSSB, 



1 


1 


■PWPID 


1 :,i, :::: = : 


™™,„ 




1 


1 


1"»^ 


S ssa a S3 ; . : 


T!|80M 




™, 


is .... ...=r- 




■lil«!Sil 


g ooo . . = . o n 




1 

i 


ii 


■mvaa 


i =::: - 




iqSioji 


4 ss= ■ ■■• 
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■B»n,g 




— — 


TTOtF'^ 


-ITO 


■jqaiSM 


1 SS=S |::. 




I 


■jjiung 


J ■ • ■ ■ ss=s-- 


TtSl'il 
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T 


■j^^n 


i : ;S : , : . : 




iqaiail 


1 : :|^ : • : ■ 




i gSSSE ^s ; 


-If 


i 

i 


'pon 


1 ...V :::: 




■n"j 


i SS3- =-"'' 


-SUMMIHH 


1 Ssa : - : : : : 






1 




l"^^ 


i. 



w 
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NAVAL RIFLES, PISTOIJS, SWORDS, ETC. [PART K. 



Weight of Snideb's Mdsket Rifle, and Appendaobs, 

.FOR Seamen. 



Musket rifle, with rammer and sling ...» 

Sword bayonet and scabbard 

Belt, leather 

Frog, sword or bayonet 

Pouch, musket rifle • • • 

300 rounds of ball cartridge 

Proportion of J case for ditto, 660 packed in case . 

1 80 rounds of blank cartridge 

Proportion of ^ case for ditto, 2,400 packed in case 



lbs. OS. 
9 3 



3 




7 



If blank cai-tridge is stowed in ^ cases, add 






3 


4 


3 


31 





8 


4 


4 


12 


2 


5 


63 


7* 





10 



Pistols, Revolver, 




Deane*s. 


Colt's. 


Pistol 


lbs. oz. 
2 7 
7 
15 
7 
2 2-5 
9 
2 2-5 


lbs. OS. 
2 9 


Belt 


7 


Pouch 


8 


Holster 


7 


60 rounds of ball cartridge . 
Proportion of J case for ditto 
60 rounds of loose ball and powder 


• • • • 

• • • • 

• • • • 


1 9-6 

7-6 

1 9-6 




9 2 


7 9-8 


Swords, S,S. 

Swords .... 
Scabbards .... 

Belt 

Frog 


lbs. oz. 
2 6 
12 
7 
3 


Axes, Boarding, 

Axes 

Cases, leather, for ditto 
Belts 


lbs. oz. 
2 9 
6 
7 


3 6 




3 12 







Pikes, Boarding. 



Pikes 



lbs. oz. 



PART IX.] 



NAVAL CARRIAGES. 

Carriages, Commok and Rear Chock. 
Weights, and Dimensions, 



2B'9 



Description. 






T3 



t CM J). 

l64-pr.* \ 



p§ j40-pr. Screw 
'40-pr. Wedge 
'65 cwt. 



8 




« \s 



(2 J 68-pr. 

g 1 32-pr., 25 cwt. 

S I 

^ 24-pr. Howitzer 

6.pr.Bi«a8 . . {^^g^} 









Length. 




Distance 

of 

Train 

Tackle 
Bolts 
from 
Ship's 
Side. 


Weight 


Of 
Carriage. 


Of Gun 

and 
Carriage. 


From 
Centre 

of 
Trun- 
nions 

to 
Muzzle. 


cwt. qr. lbs. 
8 3 Oi 

1 2 OJ 


ft 
5 


in. 



ft. in. 
9 8 


ft in. 
6 8*5 


ft in. 
14 


8 10 


5 


8 


10 H 


6 1*12 


14 4* 


6 2 


4 


6 


8 8 


5 3-8 


12 4 


9 10 


5 


11 


10 2 


5 4-8 


14 6 


9 10 


5 


10* 


10 li 


5 3-6 


14 5i 


8 10 


5 


H 


» H 


4 9>6 


13 8i 


9 


6 





10 6i 


5 8*4 


14 lOi 


9 


6 





10 4i 


6 6-1 


14 8i 


8 


5 


n 


10 2i 


5 6*15 


14 6i 


8 


5 


H 


9 9i 


5 2*47 


14 H 


7 2 


5 


2 


9 2i 


4 10-8 


12 lOi 


6 


4 


1 


7 3* 


3 8-58 


10 Hi 


4 2 


4 


5 


6 7 


3 3*5 


10 3 


13 3 


6 


5* 


10 Hi 


5 7-2 


14 3 


13 3 


6 


6i 


10 8 


6 


14 6 


4 3 


5 


2 


7 3i 


8 7-2 


10 lU 


4 10 


4 


6 


6 2i 


2 8-1 


9 lOi 


3 3 


3 


7 


6 8i 


2 9-33 





NoTB.— For the position of train tackle bolts, measure four times the length 
of the train tackle block ft'om the rear of tiie carriage when the Cl'^a^^vlu^ 
with the muzzle at least one foot inside the innn poTX. cSV\. 

* 64'pr. carriages will require additional liOToa, 'sAiikL v^\> ^SQa Vm^ H2dk&. 
S3 Jncbes Hvm ibe deck. 



GASES, POWDER. 



[fist EI. 



Caseb, Fowdeb, Ksiau 
Dimmtkna, and Confoitt, 



Ouiu. 


¥ 


(Jo. 

9 

3 

311 


WsightiBiibi 

Ar«arFniiit21»-UBliu. 
aa"'BX«"-8Sxw"-8S, 
PnwdBtL.otF.(}. 16011m. 
ToUl miEbt ailed, im ll«. 


«™ 


1^ 


,. 


i 
i 


S4-P7 


±. 


u 

an 
io 


o 


IflO-pr. iao 
Ba^T. la 


II 

H 

H 
H 


.... \p 


~ 

I 
H 


RECTAJiGDLAE. 

Wdghl !1 Iba. 

AruoFFFDDtSlslus. 

2S"'(1 X 18"-6 X 11". 

Powder L. or F.G. 135 lbs. 

roUlwEightOUed,MSlllM. 


o™. 


1^ 


No. 


1 
1/ 


Wocii . 


la 

1 

Si 


\^ 


rUD-pr. 
6a.pr. 


2D 

i 





PAHT IX,] 



cases, fowdeb. 

Caabs, Powdeb, Metj^. 
JJimtraiMt, and Contenis, 



Qdh*. 


1^ 


... 


PENTAGON. 




q™u.| 


P 


No. 


















9-inch 


" 




Area of Front 3I» '4 


ins. 




/lOO-pr. Sm 


I 


J 
^ 


Mpr. 


/I 


j! 


34-pr.HowflMrSill>. 
15"-ti X 19";6 X 11 


.X 


^ 


lO-lDch • la 


"l 


« 


ii',''^ 




.j^ 


Tutd WElslt ailBd. 18 


ilbK 






j* 


a 


ao „ 


. ^ 


Z'j 










1* 
















i 



WHOLE. 
Weight tUU^ 



GoDtentfl, OB Poitagoa or HexAgon Gun nearly. 



Onu, 


h 


No. 


HALF. 
Weight 311 lbs- 
Area of l-roullSV'eina. 


Gam. 


1^ 


... 


^(^P^- ■ 


I 


« 


m^\^ 


ara 




pD«dar,L.otF.«.«on»i. 


MosiEr. 


Total weight filial BUI IbB 


CMtridge 
Blink' d». 




L 
«0D 


Cleo, METit, Hiu. 
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GASES, POWDER. 



[PABTIX. 



Cases, Powdeb, Metal Lined. 
Dimen8km8f and Contents, 



Pistol, Ri 

Gartridgei 

Coifs. . 
Deane's . 

• Inwateri 


tVOLVM 


s. 


QUARTER. 


Mdbkbt. 




CBifled. 

(♦2260 
• ( 3000 
. . •1920 

)roof bags. 


Weight iSilbs. 

10"- 8 X 13"* » X ic-a. 

Area of Front 110*2 ins. 


Cartridges, Rifled. 
P»tt./53 . . *7i0 

* In waterproof bagi^ 


Qvms, 


Charge, 
lbs. 


No. 

4 

9 

12 

18 


HowitKers. 




NOL 


, (20-pt. . 
^.)l2 .. . 

«( 6 ,, . 


2i 
U 

0* 


24-pr. . . 
12 ,, . . 


3i 


8 
16 
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A Table showing the angles subtended by the Mainmasts of French ships 
of war, between the Water-line, and the Truck, with the corresponding 
distances. 

(Taken from Sir H. Douglases Naval Gunnery.) 
The observer is supposed to be 20 feet above the level of the water. 



i 
i 
s 




Line of Battle Ships. 


Frigates. 


Cor- 
vettes, 


Brigs. 






n 


120 


90 


82 


60 


44 


24 


18 




m^ 




Guns. 


Guns. 


Guns. 


Guns. 


Guns. 


Guns. 


Guns. 


- 




f 


Truck 


Truck 


Truck 


Truck 


Truck 


Truck 


Truck 




'l 




to the 


to the 


to the 


to the 


to the 


to the 


to the 






W« 




Water 


Water 


Water 


Water 


Water 


Water 


Water 






t 


Yards. 


Line, 


Line, 


Line, 


Line, 


Line. 


Line, 


Line, 


Yards. 




P 




220 feet. 


202 feet. 


192 feet 


188 feet. 


168 feet 


120 feet 


112 feet 











o t 


o / 


o / 


o t 


o t 


o t 


o t 






200 


20 20 


18 47 


17 54 


17 33 


15 46 


11 22 


10 37 


200 






300 


13 48 


12 42 


12 6 


11 51 


10 37 


7 37 


7 7 


300 






400 


10 25 


9 35 


9 7 


8 55 


7 59 


5 43 


5 20 


400 






500 


8 21 


7 41 


7 18 


7 9 


6 24 


4 34 


4 16 


500 




600 


6 59 


6 25 


6 6 


5 58 


5 20 


3 49 


3 34 


600 




700 


5 59 


5 30 


5 14 


5 7 


4 35 


3 16 


3 3 


700 






800 


5 14 


4 49 


4 35 


4 29 


4 


2 52 


2 40 


800 






900 


4 40 


4 17 


4 4 


3 59 


3 34 


2 33 


2 22 


900 






1000 


4 10 


3 51 


3 40 


3 35 


3 12 


2 17 


2 8 


1000 






1100 


3 49 


3 30 


3 20 


3 16 


2 55 


2 5 


1 57 


1100 






1200 


3 30 


3 13 


3 3 


2 59 


2 40 


1 54 


1 47 


1200 






1300 


3 14 


2 58 


2 49 


2 46 


2 28 


1 46 


1 39 


1300 






1400 


3 


2 45 


2 37 


2 34 


2 17 


1 38 


1 31 


1400 






1500 


2 48 


2 34 


2 26 


2 23 


2 8 


1 32 


1 25 


1500 






1600 


2 37 


2 24 


2 17 


2 14 


2 


I 26 


1 20 


1600 






1700 


2 28 


2 16 


2 9 


2 7 


1 53 


1 21 


1 15 


1700 






1800 


2 20 


2 8 


2 2 


2 


1 47 


1 16 


1 11 


1800 






1900 


2 13 


2 2 


1 56 


1 53 


1 41 


1 12 


1 7 


1900 






2000 


2 6 


1 56 


1 50 


1 48 


1 36 


1 9 


I 4 


2000 






2200 


1 55 


1 45 


1 40 


1 38 


1 27 


1 2 


58 


2200 






2400 


I 45 


1 36 


1 31 


1 30 


1 20 


57 


53 


2400 






2600 


1 37 


1 29 


1 24 


1 23 


1 14 


53 


49 


2600 






2800 


1 30 


1 23 


1 19 


1 17 


1 9 


49 


46 


2800 






3000 


1 24 


1 17 


1 13 


1 12 


1 4 


46 


43 


3000 






3200 


1 19 


1 12 


1 8 


1 7 


1 


43 


40 


3200 






3400 


1 14 


1 8 


1 5 


1 3 


57 


40 


38 


3400 






3600 


1 10 


1 4 


1 1 


1 


53 


38 


35 


3600 






3800 


1 6 


1 I 


58 


57 


51 


36 


34 ^ 


380Q I 




L 


4000 


13J 


53 


55 


54 1 


4S\ 




^^l.\ ^RSJ^X 
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NAVAL GUNNEBY. 



[PABT IX. 



A Table showing the angles subtended by the Mainmasts of French ships 
of war, between the Water-line, and the Topniast crosstreesy with the 
corresponding distances. 

(Taken from Sir H. Douglas's Naval Gunnery.) 
The observer is supposed to be 20 feet above the level of the water. 





Line of Battle Ships. 


Frigates. 


Cor* 
vettes. 


Bries. 




120 


90 


82 


60 


44 


24 


18 




Guns. 


Guns. 


Guns. 


Guns. 


Guns. 


Guns. 


Guiia. 




Topmast 


Topmast 


Topmast 


Topmast 


Topmast 
Cross- 


Topmast 


Topmast 




Cross- 


Cross- 


Cross- 


Cross- 


Cross- 


Cross- 






trees 


trees 


trees 


trees 


trees 


trees 


trees 






to the 


to the 


to the 


to the 


to the 


to the 


to the 






Water 


Water 


Water 


Water 


Water 


Water 


Water 




Yards. 


Line, 


Line, 


Line, 


Line, 


Line, 


Line, 


Line, 


Yards. 




158 feet. 


151 feet. 


138 feet 


139 feet 


121 feet 


85 feet 


nfeet. 






o r 


O f 


O f 


o t 


O f 


o r 


O 9 


200 


14 52 


14 13 


13 2 


13 7 


11 28 


8 5 


7 20 


200 


300 


9 59 


9 33 


8 45 


8 48 


7 41 


5 24 


4 54 


SCO 


400 


7 31 


7 11 


6 34 


6 37 


5 46 


4 3 


3 40 


400 


500 


6 1 


5 45 


5 16 


5 18 


4 37 


3 14 


2 56 


500 


600 


5 1 


4 48 


4 23 


4 25 


3 51 


2 42 


2 27 


600 


700 


4 18 


4 7 


3 46 


3 47 


3 18 


2 19 


2 6 


700 


800 


3 46 


3 36 


3 18 


3 19 


2 53 


2 2 


1 50 


800 


900 


3 21 


3 12 


2 56 


2 57 


2 34 


1 48 


1 38 


900 


1000 


3 1 


2 53 


2 38 


2 39 


2 19 


1 37 


1 28 


1000 


1100 


2 45 


2 37 


2 24 


2 25 


2 6 


1 29 


1 20 


1100 


1200 


2 31 


2 24 


2 12 


2 13 


1 55 


1 21 


1 13 


1200 


1300 


2 19 


2 13 


2 2 


2 2 


1 47 


1 15 


1 8 


1300 


1400 


2 9 


2 3 


1 53 


1 54 


1 39 


1 9 


1 3 


1400 


1500 


2 


1 55 


1 45 


1 46 


1 32 


1 5 


59 


1500 


1600 


1 53 


1 48 


1 39 


1 39 


1 26 


1 1 


55 


1600 


1700 


1 46 


1 42 


1 .33 


1 34 


1 21 


57 


52 


1700 


1800 


1 40 


1 36 


1 28 


1 28 


1 17 


54 


49 


1800 


1900 


1 35 


1 31 


1 23 


1 24 


1 13 


51 


46 


1900 


2000 


1 30 


1 26 


1 19 


1 20 


1 9 


49 


44 


2000 


2200 


1 22 


1 19 


1 12 


1 12 


1 3 


44 


40 


2200 


2400 


1 15 


1 12 


1 6 


1 6 
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PART X. 
BATTERIES, AND FORTIFICATION. 



BATTERIES. 

A BATTERY, in respect to its profile, may be either elevated, half 
sunken, or sunken ; and it is usually reveted with gabions, fascines, 
sand-bags, &c. 

An elevated battery has its terreplein on the natural surface of the 
ground, and, to procure the mass of earth required for its parapet, a 
ditch is usually dug directly in front of the proposed parapet. 

A half-sunken battery has its interior space, or terreplein, sunk 
some inches below the natural surface, and its parapet is composed of 
the earth thus obtained, and of that taken from a narrow ditch in 
front. 

A sunken battery has the whole of the eaii;h taken from the interior 
space to form the parai)et; and it must therefore be lowei'ed from 
2 feet to 3 feet 6 inches, according to the height of the gun carriages 
to be used. 

The half'Svariken battery is constructed the quickest, as the diggers 
can work both in front, and rear, at the same time. In a sunken 
battery, the diggers are as much crowded as in an elevated one, but, 
since the mass of parapet to be raised is smaller, it may be completed 
in much less time. 

Casemates J or vaulted batteries, are made bomb-proof, and the em- 
brazures are cut through the revetment. 

Barret batteries have no embrazures, the guns being placed on tra- 
versing platforms to enable them to fire over the parapet. 

A direct fire from a battery is when the line of fire is perpendicular 
to the parapet, and an (Clique fire when it is oblique. The direct 
fire being preferable, the battery should be placed parallel to the object 
against which the fire is to be directed. 

The line of fire is an imaginary line drawn through the centre of an 
embrasure, in the direction of the object against which a battery is 
constructed. 

Embrazttres are openings cut through parapets, flanks of bas- 
tions, &C., for guns to fire through. 

The neck of the embrazwe is the inward, or narrowest pai-t of it. 

The mouth of the efmhraxwre is the outward, or widest part of it. 

The sole of the embrazure is the bottom^ ot vg&sft^ \3ft\.^«sc^ *^ofo 
clieek^, or sides. 
TAa sitt'iB the inner edge of tlie so\e« 
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Spherical bullet. 
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The genouiUere is that part of the parapet which is beneath the sill 
of the embrazure. 

The merlon is the portion of the parapet contained between two 
embrazures. 

The following dimensions are requisite to he proof . 

3 i'eet • when of earth. 

6 inches ,, 8t<me. 

12 inches ,, fir. 

5 inches „ oak. 

9 inches „ briclc. 

Maximum Penetration of Enfield Kiflb Bullet at ranges — 
from 20 to 200 yards. 

Determined by Captain Whitmore, Boyal Engineers. 

Sandbags 12 inches. 

Rammed sandy earth 16 inches. 

Ordinary soil in parapet 3 to 4 feet. 

Solid oak (across grain) 4 inches. 

Ash, elm, beech 4 inches. 

9 inch fascines Not proof. 

Full gabions, 2 inch diameter, earth rammed < ^ *^ a la- 

Do. do. not i-ammed . Not proof. 

Rope mantlets, 13 lb. to square foot , . < , ^ 

Sheet plates \ inch thick, 10 lb. per square foot J Bulged, but not cracked 
(homogeneous) \ with lead balls. 

f Unaffected by lead 
balls; slightly marked 
by steel tips. 

Dimensions to he proof against cannon,* 

4 feet, when of wood, or brick. 

6 feet against 6-pounders, when of earth. 

9 „ 9-pounders, ditto. 

14 „ 12-pounders, ditto. 

18 ., 18 &;'24-poundei's, ditto. 

Note. — A 6-pounder shot, with a charge of one pound, will penetrate a mass 
of tee to the depth of 4^ feet, at the distance of twenty-one yards. 

GENERAL DIME^■SIONS OF AN ELEVATED GUN BATTERY, 

reveted with fascines. 

ft in. 
Space from the centre of one embrazure to that of the next, 

without traverses 180 

Ditto, with traverses 22 

Slope of the interior revetment, per foot (one-fourth its height) — 3 

Fall of the superior slope, d\v.\.o (owftA^%\'(\\\ ^\\\o\ — 1 

• Vide "Penetration of the prlncVpaV pvecfea ol Ot^iva.u<iftr ^ea®^^^,^^ 
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ft. in. 
Interior width of embrazures, measured on the sill ... 20 
Exterior ditto, measured on the sole, at 12 feet from tiie sill . 7 
Slope of the cheeks of embrazures at the neck, per foot (one- 
sixth of their height) — 2 

Ditto, at the mouth, per foot (one-fourth their height) . . — 3 
Distance from the centre of an embrazure to the foot of the 

slope of an adjoining ti-averse 7 6 

Distance from the centre of an embrazure to the foot of the 

slope of an adjoining epaulment 5 

Height of the sill ; gim, on a travelling carriage .... 36 

f9 M Standing carriage .... 24 

POSITIONS OP BATTERIES. 

All batteries for guns should be traced perpendicularly to their 
intended lines of fire. 

Enfilading batteries are placed on the prolongations of the terrepleins 
to be enfiladed, and when ricochet fii-e with smooth-bored guns is used 
they should not be further off than 660 yards from the object ; but 
with rified guns enfilading batteries may be much further off, as, from 
recent experiments, ricochet fire, from these batteries, has been carried 
on with effect at 1,050 yards. In tracing the enfilading batteries, one 
gun should be placed on the prolongation of the ci-est of the work to 
be enfiladed, and the remaining guns on the inside, as regards the line 
enfiladed. Fire from enfilading batteries can be kept up by night as 
well as by day, as by fastem'ng battens of wood to confine the trail, 
and the wheels of the gun-caniage to the proper line, the gun is suffi- 
ciently accurately laid to strike the terreplein (or other object) to be 
enfiladed. 

Counter batteries are placed in front of the line of work to be 
silenced, but they need not be exactly opposite to it, for as they fire 
directly at the guns to be silenced, which are visible in the embrazures, 
any position of them will suffice from which the enemy's guns can be 
seen. Houses and other buildings in the line of fire of a counter 
battery are thus soon destroyed. Fire can be kept up on them only 
duriug daylight, as the object fired lat (a gun in an embrazure) is too 
small to be able to be struck in night firing. This allows the garrison 
to repair damages and remount fresh guns every night. 

DIRECTIONS FOR TRACINO A BATTERY. 

Batteries at sieges are generally traced in the dusk of the evening. 

Detail of men^ and tools reqwred: 

Tracers. — I non-commissioned officer^ and 2 privates. 

Tools. — 1 ground-square, 1 measuring tape, 

1 white tracing line. 2 ten-feet rods, 1 bundle of pickets, 
1 mallet. 

Directions. — ^The tracing-pickets, and mallet, are carried in a sand- 
bag, and a few long pickets are necessary to TaaxVL >Xv^ «v^\«un«vs.» 
A line should be stietched about 40 te«t. m \.Vife ^vv«KMvi\i. Q'i- N^*^ ^">lJ«^» 
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against which the battery is to be erected ; this will show the Hne ff 
fire. By means of a ground-square, a line may be laid down at ii|^t 
angles to tlie former, touching the first placed picket. This wiU be 
the interior base line. Another line must be placed parallel to thk» 
at a distance equal to the sum of the breadth of the base of tiie 
parapet, breadth of the berm (if any), and breadth of the slope of the 
ditch (viz., about 27 feet), which line will represent the rertne 
slope of the ditch. A picket is then driven in on the interior base 
line, where it is intended to have one extremity of the battery, and as 
many long ])ickets (18 feet apait), measuring from this end, as there 
are guns, which will mark the centre of the embrazures. Then one 
more picket, 18 feet distant from the last, will show the other extremity. 
For the embrazures, drive in a picket at the disti^nce of one foot on 
each side of the centre of the embrazures, for the width of the neck. 
Set ofl', and drive in ])ickets 3 feet 6 inches on each side of, and perpen- 
dicular to the line of fire, for the width of the mouth. 

WORKING PARTY ; TOOLS; AND MATERIALS REQUIRED 

for each gun; mortar; traverse; or epatUinent ;' in an Elevated 

fascine battery, 

2 sappers J with 6 assistants , to revet the work. 

12 infantry f to excavate the ditch, and form the parapet. 

9 pickaxes, 15 shovels, or spades, 1^ fascines, IS feet long, 1 "bundle 
of 50 pickets to G fascines, 3 maids, 3 rammers, 1 saw 'to every two 
guns, 1 hatchet })er gun, 1 bill-hook, 1 field-service level, 1 six-feet 
rod, 1 bundle of m'ltrMes to every three guns, 1 lantern, do., 1 lb, of 
candles, do., 1 bundle of gads to each gun, 1 tape of bO feet in length 
per battery. 

A battery will seldom be completed in less than 24 hours, when 
executed by inexperienced workmen ; but by those inured to hard 
labour, and with proper reliefs, in about 10 hours. In light soil, that 
can be easily dug without the aid of a pickaxe, a man can, in 8 hours, 
load from 19 to 20 cubic yards of earth on barrows. If a pickaxe be 
required, 2 men will do the same quantity of work. A man can 
wheel 20 cubic yards of earth per day to a distance of 30 yards on 
level ground, or 20 yards on a ramp. Twenty cubic yards of earth 
will fill 500 wheelbarrows. When near the surface, in soil requiring 
but little use of the pickaxe, an excavation of 6 cubic yards in a day of 
8 hours would be a fair task for a soldier, who in general is little 
accustomed to working with the pickaxe, and shovel. 

SHELTER FROM AN ENEMY'S FIRE.* 

The following method of sheltering the workmen from the enemy's 
fire was used with great success during the construction of the batteries. 
It was towards the end of the siege that Lieutenant Neandre received 
orders to construct a battery 130 paces from the counterscarp, the 

• Fute "United ServV(»Ua|ia3iue;»"5ivi.CCC;^lVV 
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covered way being stiongly occupied by the enemy. Foreseeing the 
difficulties that would occur, Lieutenant Ne'andre provided 120 common 
platform planks, and, when the gabions were in their places, arranged 
the planks outside them, in such a manner as to present an inclined 
plane, (one end of the plank being supported on the gabion, and the 
other end resting on the ground towards the enemy) : the gabions were 
then half filled with earth, and the pickets driven in. At this moment 
the enemy threw some fire balls, and fired a few shot, all of which 
went over. Soon after, the workmen were assailed with a well-sus- 
tained- fire of musketry ; but, on the balls striking the epaulment, they 
ricoched, and passed over the workmen, so that not a single man was 
hit. The battery was finished in a £ew hours, when the planks were 
drawn in, and used for the platfoims. 

A portable framework might be rapidly made, and used instead of the 
gabions, to obtain immediate cover from musketry fire ; and, for sap- 
ping, the framework, with the planks fixed thereon, might be readily 
moyed on trucks, as a substitute for the present sap roller. 

EPAULMENTS* 

Batteries at sieges are generally secured on one fiank at least, by a 
parapet called an epaulment, forming an obtuse angle with that of the 
biittery. Their use is to secure the reverse of the terreplein, from any 
flanking fire, and they are not in general made so thick as the parapet, 
being seldom subject to a direct fire. 

ELEVATED SAND-BAG BATTERIES. 

The base of the interior slope of a battery reveted with sand-bags is 
rather broader than that of one reveted wifJi fascines, being about one- 
third the height of the parapet. Bushel sand-bags are now the only 
kind in use, and whtn filed are of the following dimensions : 

Length 20 inches ^ breadth 10 inches^ depth 5 inches. 
Nwniber required per gun, — for the interior revetment 262 

Ditto Ditto for the cheeks . . . 360 ' ; 

Total ... 622 

Sand-bags are laid header ^ and stretcher, as in masonry; the 
ends which are tied being always hid. As the sand-bags near the 
neck of the embrazure would be destroyed after a few hours' filing, 
and constantly require repairing, gabions, or casks should be substituted 
for them. 

Howitzer batteries are similar to those for guns, except that the 
interior openings of the embi'azures are 2 feet 6 inches, and the soles 
are i-aised, towards the front, about 10°, in order to cover the gunnera 
as much as possible. 

Mortar batteries are constructed with the same dimensions as gun 
batteries (the parapet being generally 8 feet Vi\%Vv, wAixwEk. V^*vft ^^^ 
feet thickj, bat, as tkey have not embraz\ic«&« \)ift ^\*3cl ^\ ^Skse^^^*^ 
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batteries is made two feet deeper to obtain the requisite qtumtifj of 
earth. A preference would in general be given to the sunkoi, or 
halt-sunicai profile for a mortar battery, on account of its requiring 
less time for its construction, and it being of no consequence wh^iher 
the platforms are sunken, or otherwise. Mortars are placed at the 
distance of 15 feet from centre to centre of each other, where no tra- 
verses intervene ; and the parapet has the same profile as a gun, or 
howitzer battery. 

When fired at 45° they are placed 12 feet from the revetment. 
Ditto 30° ditto 13 ditto. 

Ditto 20° ditto 21 ditto. 

Ditto 15° ditto 30 ditto. 

Ditto 10° ditto 40 ditto. 

HALF-SUNKEN BATTERIES. 

The sill is about half its total height above the natural snrfiuie 
of the ground ; the most convenient depth to which the terreplein 
may be sunk is 2 feet. The height of a sill for a travelling carriage 
will be 18 inches, and for a garrison carriage one foot above the 
natui^ level. The profile of the paiapet is the same as in an elevated 
battery. 

Number of sand-bags required for reveting one merlon .180 
Ditto ditto for cheeks of embrazures 360 

Total .... 540 

In forming the epaulment of a half-sunken battery, the earth is taken 
from a ditch in front, six feet wide, and about five feet deep. 

SUNKEN GUN BATTERIES. 

The soles of the embrazures are on a level with the natural groun(}, 
therefore the teiTeplein is sunk a sufficient depth for the solid, and the 
merlons are formed of the excavated earth. The height of the solid 
depends on the nature of gun carriage to be used. The fii*st operation 
is to trace out the embi-azures. The profile is the same as in the 
elevated battery. Should there be traverses, all the earth excavated 
from the interior will be required ; if not, the overplus may be scat- 
tered in the rear. 

RICXKJHET BATTERIES. 

Ricochet firing is the art of projecting shot, or shell, with a certain 
velocity, and in such a direction as to insure its striking the ground 
at any spot that may be requii-ed ; afteiwards making several grazes 
upon the earth, and destroying, or striking all that may oppose its 
progress. The piece of ordnance is loaded with a diminished chai'ge 
of powder, and the elevation is from 3° to 10°, which causes the shot 
to bound or hop along the ground. TVv^ «xQ».U«t tVv^ an^le under 
which the shot is made to ricocV«l, \i» \ovx%« SX. n<"A\ ^>:«»fex^^ Ws^ 
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force^ and have effect, as it will sink in the same proportion so much 
less into the ground on which it bounds. In the ricochet of a 
fortress, or field-work, the elevation should seldom exceed 10° to 
throw the shot over the crest of the parapet ; but in the field, the 
objects to be fired at being principally in^uitrj, and cavalry, the guns 
need seldom be elevated above 3°; as, under greater angles, the 
shot would be apt to bound too high, thereby defeating its intended 
purpose. 

Ricochet batteries should, if possible, be at a distance of 400 yards, 
or not exceeding 600 yards ; as, fiom the unceiiainty of the fire at a 
greater distance, at least two-thirds of the ammunition might be ex- 
pended without producing any good effect. 

The best elevation to enfilade a work being from 6° to 9° measured 
above the parapet, the chaige should be r^ulated accordingly, which 
varies from one half, to one tenth the service charge. 

Ricochet firing is very efficacious in dismounting the guns on the 
faces, or flanks of bastions, &c., the batteries for this purpose being 
erected on the prolongation of these works, and as nearly as possible 
perpendicular thereto, by which their whole length will be exposed to 
the effects of plunging, and destructive ricochet fiie. 

Vide Tables of Ricochet practice, pages 78, 84, 85. 

BEVETMEKTS. 

A Revetment is a support of any nature, constructed with the object 
of retaining earth at a slope steeper than it would stand by itself. The 
names of the materials in general use for reveting the slopes of field 
works are sods, gabions, fascines, and sand-bags; or casks, planks, 
hurdles, &c., may be used. 

Sods are usually cut 1 foot 4 inches long, 8 inches broad, and 
4 inches thick. 

FASCINES. 

Fascines are strong fitgots, usually made 18 feet in length and 
9 inches in diametei' ; if shoiler ones are required they are sawn into 6 
or 9 feet lengths. Before fascines can be made, tascine trestles, or 
horses, have to be set up in the following manner : — Five pairs of stakes, 
each 6^ feet long and about 3 inches in diameter, are driven obliquely 
into the ground, crossing one another like the letter X, at 2\ feet 
above the ground, where they are secured by means of rope-yam, &c. 
Each pair of stakes forms a trestle. The extreme trestles are first set 
up 16 feet apart, the three others are then set up in a straight line, and 
so as to divide this interval equally. 

To make a fascine, brushwood is laid along the trestles, so as to 
project about 17 or 18 inches beyond their extremities, the thick and 
thin wood being equally distributed in the length of the fascine, and the 
thick wood kept as much as possible on the outside. When the proper 
quantity has been placed, the brushwood is fastened, and secured by 
withes, or gads. Twelve gads are uaedtA «w:^i^asfc\\ife^\'^\\l'S5^R&«^^s^.^ 
the extreme opes being 9 inches £i'OXiit\ie «Eu\a ol \Jiife"ias«asA* '^^ S36sN»i2o* 
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the gads a choker is used to compress the brushwood to the proper 
diameter. The choker consists of a couple of wooden levers 4 feetloi^ 
joined with a chain 4 feet long, fixed at 18 inches from the ends. 

After the compressing is finished, and the gads fastened, the fiutcine 
is completed by trimming the projecting twigs, and by sawing the 
ends square at the distance of 18 feet apart. The average weight of an 
18 feet &sciDe is about 140 lbs. The following tools are required for 
each squad of 5 men, yiz. : 5 pairs of stakes, and lashings, for the 
trestles, 1 choker, 1 maul, 1 handsaw, 3 billhooks, 2 gabion knives, 

1 6-feet rod, 1 giindstone, or several whetstones for several squads. 
The gads are made of rods 5 feet long, first twisted until the fibres 

separate, the smaller end is then turned round, so as to form a loop, or 
noose. To make a fascine 6 feet long, the workmen setup three fiudne 
horses on the same level, and in a right line. 

{A fascine horse is formed with two pickets, each 5 feet long, driven 
about 1 foot obliquely into the ground, so as to cross each other at right 
angles 2 feet above the surface of the earth ; and they are fastened 
together at their point of meeting, with cord, three or four-thread spun 
yarn, or gads.) The brushwood, which should not exceed from 1^ to 

2 inches in diameter at the butt end, stripped of all its leaves and 
smaller branches, and 5 or 6 feet long, is then laid on the fascine horses, 
the thick ends being placed alternately at each end. The laige stuff 
must be used to form the exterior, and the smaller twigs the interior 
of the fascine. Before binding the fascine, it must be compressed with 
& fascine choker^ which consists of a cord, or chain, equal in length to 
one and a half times the circumference of the fascine, fastened at one 
end to a lever 5 feet long and 2 J inches in diameter, with a loop at the 
other end, into which, after passing the chain round the fascine near 
the part to be bound, a lever, similar to the one already described, is 
inserted, and the brushwood is squeezed tightly together until the gad 
is tied. The fascine must be compiessed in a similar manner before each 
gad is fastened. The weight of the fascine is about 33 lb. Three men 
can make a 6-feet fascine in twenty minutes. Two of the workmen 
place the brushwood, while the third prepares the gads. If large brush- 
wood can be procured, the fascines should be 18 feet long, the strength 
of the revetment being materially increased by diminishing the number 
of joints. When the fascines are 18 feet long^ they are made 9 inches 
in diameter, and are bound with 13 gads, if the brushwood is good, but 
witli 17 if it is bad, the fascine horses being 1 yard apart. This fascine 
weighs about 2 cwt. Four men can make an IB-feet fascine in ttco 
hours, or, if the wood be cut and brought to them, they can make four 
fascines in that time. They require 3 bill-hooks, 1 saw, 1 fascine choaker 
{each lever about 6 feet long), and 6 fascine horses. Three men ])repare 
the brushwood, and lay it on the horses, while the fourth makes the 
gads. 

The revetment is formed in proportion as the parapet is raised, the 
first fascine being half buried in the banquette, with three pickets 
driven vei-tically through it, each p\eket \ift\x\^ from S txi 4 feet long, 
and from 1^ to Ij inch in diameter at ^e VKvckeaX. wA, Toa ^ftccsoi^L 
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row of fascines is then laid a little in front of the first, so as to form 
the required slope, and three pickets are driven through each fascine ; 
the extreme pickets through the fasciae previously laid in the direction 
of the slope, the other perpendicular to the slope. 

The joints of the different rows of fascines should be so broken 
that no two adjoining joints may be in the same line, and the ends 
of the fascines at the angles should alternately be flush with, and be 
inserted in the parapet ; care being taken to lay the fascines so that 
the [ties of the gads may be concealed in the parapets. Six rows of 
lai^e fascines are sufficient to form the revetment of a parapet, the 
'upp>er row being covered with a layer of sods, the grass upwards. 
When fascines of seven inches in diameter are used, eight rows are 
requu-ed. 

GABIONS. 

Gabions are strong cylindrical baskets, having open ends ; their 
dimensions] are 2 feet 9 inches high in the web, and 2 feet in diameter. 
The gabion is made in the following manner : A circle of 11 inches 
radius is traced on the ground ; pickets, fi-om | to J inch thick, and 
3 feet 6 inches long, are next driven into it, at equal distances from 
each other; the pickets are 12 in number, if ordinary brushwood be 
used ; 8 or 10 if the brushwood be coarse, and a greater number if it 
be slender and weak. The waling, or basket-work, is then commenced, 
with rods usually stripped of leaves and twigs. Three rods are used 
at a time. They are first placed with the butts inwards, and the tips 
outward, being separated from each other by intervals of one picket. 
The first rod, which is to the left hand, is brought to the front by 
being passed outside two pickets, inside the next picket, and above the 
other two rods. The second rod, which is then to the left, is, in its 
turn, brought to the front, by being passed outside two pickets, and 
inside one. The third rod is then treated in the same way, passing 
outside two pickets, inside one, and above the two preceding rods. 
Hence each rod comes in turn to the front ; and a web is thus formed 
round the pickets. In making the gabion the web must be continually 
pressed down with the foot, or hand, or beaten with a mallet, and the 
greatest cai*e taken to preserve the proper diameter, by constantly apply- 
ing the gauge or measuring-rod. The top and bottom of the gabion are 
finished with twisted withes worked alternately in and out of the 
pickets. When the web is 2 feet 9 inches high, it must be bound 
from top to bottom with withes, previously well twisted, in four dis- 
tinct places, so applied as to secure the ends rather than the middle of 
the external rods. The upper part of the gabion being thus secured by 
withes, or sewing gads, is pulled out of the ground, turned upside down, 
and treated in the same manner, so that the two sets of withes may 
meet and cross each other about the centre of the gabion. Before the 
gabion is pulled out of the ground, the tops of all the pickets must be 
cut off about an inch and a half above the web. The tools required for 
each squad of 3 men are, 1 bill-hook, *i ^ciXs^oiv Vkvn^^ Y Mw^ 
measuring rod, 3 gauges cut out of the \>tM^viwA, \ Ock.o^^g^x'^i^^J'^'* 
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1 mallet, and 1 grindstone (for several squads), or whetstone in lien 
thereof. Tbe average weight of a brushwood gabion is 35 or 40 lbs. ; 
but if thick wood be used, they will frequently weigh as much as 
60 lbs. These gabions aie required in great numbers during si^ 
operations, where they are indispensable for reveting batteries, &&, 
but their disadvantages are numerous ; they are heavy and clumsy to 
carry, require much labour to make, and ai^e combustible and perish- 
able. These defects are so well known, and so important, that of late 
years two kinds of iron gabions have been introduced into the service. 

The sheet-iron gabion (invented by Captain Tyler, K.E.) is formed 
of a sheet of galvanised iron, 3 feet wide, and 6 feet 2 inches in length ; 
at each end are three holes, having metal eyes. The sheet, being bent 
round iuto a cylinder until the eyes at the opposite ends come tc^ther, 
is fastened, in that form, with three wire hooks, which are attached 
to the eyes of one side. The gabion, thus foimed, stands 3 feet high, 
and 2 in diameter ; it weighs 26 pounds, and is carried, like the com- 
mon gabion, by means of a picket passed through it, for which purpose 
two holes are provided in the iron sheet. 

The iron hand gabion (invented by Quartermaster T. Jones, R.E.), 
is composed of 10 bands of sheet iron, each 6 feet 5 inches in length, 
and 3 1 inches in breadth; each band has two buttons at one end, 
fitting into two holes, or slots, at the other. Twelve wooden pickets 
are used with the bands to form the gabion. 

To put the gabion together two men are required. One of the bands, 
with the ends joined together, is placed edgewise on the ground, thus 
forming a circle 2 feet in diameter ; the pickets are then driven into 
the ground round the band, at equal distances from one another, and 
alternately on the outside and inside of the band, and touching it ; the 
other bands are then placed in succession over the pickets, taking care 
that each band is outside those pickets that were inside the adjoining 
band, and vice versa, and are then pressed down on to the band last 
placed ; no fastening is necessary to keep the bands on the pickets. 
The gabion weighs about 29 lbs., of which the pickets weigh 5 lbs. 

Suspension-bridges to carry field artillery, &c., have been made with 
these sheet-iron bands buttoned together, and the inventor proposes to 
put them to many other uses, such as roofing huts, tbiming camp 
bedsteads, &c. 

SAP ROLLERS. 

Exterior cylinder, length, 6 feet, diameter, 4 feet. 
Interior „ „ 6 „ „ 2^ „ 

p. 1 . f Exterior cylinder, 20 1 6 feet long, by 1 to 1^ inch 
( Interior „ 14 / diameter. 
Hods, 1 inch thick. 

Pickets for stuffing, 1^ inch diameter: average space between 
cylinders, 8 inches. 

Time for making large cylinder, 9 hours \ small cylinder, 6 hours ; 
and 2 houis for btuifiug. 
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SOD, OR TURF, 

The sods should be cut from good meadow land, preriously mown, 
and watered ; but the sods should not be laid or built when wet, be- 
ciiase they would shrink in dry weather, aud all the joints would open. 
The sod-work is laid with the grass downwards, either alternately 
headers, and stretchers, or two stretchera to one header ; care being 
taken that the joints of no twO rows fall immediately over one another, 
which is termed breaking joint. If the layers of sods are laid perpen- 
dicular to the slope, they will answer better than if laid horizontally. 
Each sod should have two or three p^ driven through it, to secure it 
to the work beneath. When the revetment is completed, the whole 
should be cut off smooth to the proper slope. 

PLATFORMS. 

To facilitate the working of a gun, it must be placed on a platform 
of stone, or timber, and plank : but, as a temporary measure, when 
required to fire only in one direction, timbers to take the wheels will 
sutfioe. The usual inclination given to platforms, from the rear to the 
front, is half an inch per foot. Platforms on barbettes should be per- 
fectly level, and their dimensions must depend on the extent of the 
lateml range which may be required. 

In laying a gun platform, the first thing to be done is to fix the 
hurter, which may be a piece of timber 7 or 8 feet long, aud 7 inches 
square, or a strong fascine 9 feet in length may be advantageously 
used. The hurter is intended to take the wheels, or trucks of the 
carriage when the gun is run out, and to prevent their damaging the 
interior slope of the parapet. The position of the hurter necessarily 
depends therefore on the steepness of the interior slope. The hurter 
should be placed pei-pendicular to the axis, or central line of the 
embrazure. Three, four, or five sleepers, of from 6 to 8 inches 
square, are then laid, their upper surface on a level with the bottom 
of the hurter, and they are covered with two inch planks, nailed 
down when three sleepers are used ; but if there be four or five 
sleepers, the planks may be confined by two ribbands (which are 
pieces of wood of the same length, but weaker scantling than the 
sleepers), and the platform racked down with rack lashings at the 
proper intervals. 

A rack lashing consists of a piece of 2-inch rope about 9 feet long, 
which is fastened to a stick 15 inches long, .2 inches wide at the head, 
with a hole in it to receive the lashing, and tapering to a blunt point: 
it is passed round the timber, and sleeper beneath, then twice round 
itself. The end of the stick is then put into the loose groraet so 
formed, and twisted round until the whole is firmly secured, when the 
stick is turned flat on the upper piece of scantling. 

The gun and mortar platforms for sieges are now made rectangular : 
the dimensions of the former are 15 feet long by IQ fee.i ^ vv^^Vssa. 
broad ; those of a moi*tar platform are 1 {ee\. ^ \tv<^^VyM?»^il ^ ^'^'^ 
e inches broad. Mortar platforms axe Aaid exacXX.'j VwcvksoJu^^* '^'^ 
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front part being placed 5 feet within the foot of the interior slope of 
the pai-apet. 

Alder8orCs platform. 

The platform invented by Colonel Alderson, R.E., is 15 feet long, bj 
9 feet wide ; and is composed of 46 similar pieces of timber (baulks), 
each measuring 9 feet X 5 inches X 3^ inches. Of these, ten are need 
as sleepers, and the remainder as planking. The weight of the 
platform (when 15 feet long and 9 feet wide) for guns is 15 cwt. 
2 qrs. 14 lb. Bj addition of the small beams, this platform may easily 
be extended from 15 to 18 feet. 
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Dimensions, and Weight of Platforms, for Guns, ^o. 



Nature of Platronn, and 
articles required. 



GUN, AND HOWITZER. 

Sleepers 

Planks 

Ribbands 

Back-sticks, and lashings 

Total weight • • 

MORTAR. 

Covered with oak planks. 

Sleepers 

Planks 

Ribbands .... 
Rack-sticks .... 

Total weight . • 

Made entirely of fir. 

Sleepers 

Planks 

Ribbands 

Rack-sticks .... 



Total weight • • 



MADRAS. 

Wood-%Dork 
Side-pieces . 
Trail-piece T. 
Fore transom 
Hind transoms 
Sleepers . . 
Wedges . • 



Iron-tvork, 
Long bolts, i-in. diameter 
Short bolts, ditto • . 

Total weight • • 



b' 
^ 



5 

20 

2 



7 
10 

2 
10 



7 
8 
2 
8 



2 
1 
1 
2 
3 
2 



2 
6 



I 



a In. 

15 

10 6 
15 



7 6 

6 6 

7 6 
1 3 



7 6 

6 6 

7 6 



12 6 
12 

7 

6 6 
9 






\ 



^ 



ft in. 

5 
9 

4 



1 
1 



6 
9 

4 



6 

Hi 

4 




4 
6 
9 
6 



I 
I 



ft in. 

5 
2 

4 



6 
3 

4 



6 

4 

4 



4 
4 
6 
3 
6 



•a 



cwt. qr. lb. 

4 2 1 

7 3 22 

1 18 

10 



13 2 23 



3 3 7 

5 1 22 

2 10 

15 

9 3 26 



3 
4 



3 
1 



3 7 

2 18 

2 10 

12 



9 19 



18 

1 3 

2 19 
2 20 
16 
2 7 
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OUN, AND HOWITZEB PLATFORM. 

For parrying this platform, two men are required for each sleeper ; 
one man for each plank, and ribband. The non-commissioned officer 
carries the rack sticks. 

A platform may be hid down in an hoar bj expert men, and may be 
dismantled in three minutes. 

MORTAB PLATFORM. 

Detailed as dbofoe. One non-commisioned officer, and seventeen 
men cany the platform. Time required for laying down^ and dia- 
mantling, similar to the above. 

MADRAS PLATFORM. 

In an elevated battery, the platform may be laid dotrn hj expert 
men in half an hour, and may be dismantled in three minutes. 

BREACH. ' 

The best place for making a breach, in ravelins, ba<d;ions, &c, is 
about thirty yards from their salient angles. The batteries should 
commence by maiking out by their fire the extent of the breach 
intended to be made, first by striking out a horizontal line as near the 
bottom of the revetment as possible, and afterwards two others per- 
pendicular to, and at the extremities of this line. Should the breach 
be required to be extensive, it will be necessary to form intermediate 
lines. Then, by continuing 'to deepen these two or more cuts, and 
occasionally firing salvoes at the part to be brought down, the wall 
will give way in a mass. The guns must, however, at first fire low, 
and gradually advance upwards until the breach is effected ; and when 
the wall has given way, the firing should be continued until the slope 
of the breach is made practicable. 

FOUGASSES. 

Foiigasses are small Mines, of which the shafts or pits are from 3 to 
10 feet deep. The charge of powder for any depth in ordinary soil is 
found by cubing the depth in feet, and by dividing the result by 
10 for the required charge in pounds. In most cases it is preferable 
to have many small fougasses rather than a few large ones. The 
powder is placed in 'a cubical box, well tarred to protect it from damp, 
and is placed in a recess, called the Chamber^ on one side of the shaft at 
the bottom. It is fired from a secure spot by means of a powder-hose^ 
or Saucissony enclosed in a wooden trough, which is carried up one 
angle of the shaft, and thence along a trench parallel to the surface. 
The trough should be 5 or 6 feet below the surface, if there is any 
danger of shells falling upon it; if not, a depth of 2 feet will suffice. 
After the charge is placed, and the saucisson laid, the shaft is filled up 
with earth, well rammed. The ^sWao^i o? \X\^ "Sc^ai^*."?* ^W5^\ Vs^ 
concealed from the enemy's view. A s«coii3l xcve\)s^cAo^ 'Ktvcv^^wMeasRs*. 
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is to place a loaded musket with the muzzle in tj^e charge or the 
priming, and to fasten a wire to the trigger ; the wire can be led in 
the required direction, in the same manner as the hose, in a wooden 
trough, and being pulled at the proper moment, the explosion will take 
place. The most perfect method of firing mines is, however, by elec- 
tricity, either by the voltaic, or the magneto-electric battery. 

TO BURST OPEN GATES OP PORTRESSES, ETC. 

A leathern bag, containing about 50 lb. of powder, should be hooked 
upon the gate, as near the centre as possible (or be laid on the ground, 
close to the bottom of the gate, and tamped with sods, &c.), and be 
fired by means of a piece of portfire, or match, passed through a hole 
in the bottom of the bag. 

SCALING LADDERS. 

Scaling ladders are made in portions, 12 feet, and 7^ feet long ; 
which are joined together by placing the end of one jwrtion into 
staples at the end of another, and securing them together with a 
lashing of rope. Four men are sufficient to carry an 18 feet scaling 
ladder. 

F0RTIFICATI05f. 

Offensive fortification is the art of conducting a siege. 

Defensive fortification comprehends military architecture, and is the 
art of securing, or protecting a place by works, to i-esist a siege. 

Natural fortification consists of obstacles, such as marshes, moun- 
tain passes, &c., which should be taken advantage of to impede the 
approaches of an enemy. 

Artificial fortification comprises those works which are constructed 
to defend a place. 

Permanent fortification is the art of patting towns, &c., into such 
a state as at all times to be prepared to resist the attack of an enemy. 

I^eld fortification is the method of fortifying a camp, or position, 
buildings, &c., and it includes the construction of redoubts, entrench- 
ments, &c. Works of this nature are considered as temporary. 

Irregular fortification is the art of foi-tifying a place of an irregular 
figure, situated where the country does not admit of giving to the 
several works their due proportion according to rule. 

A Command is the vertical elevation of one work above another, or 
above the country. 

A Commtnd in front is when an eminence is directly facing the work 
which it commands. 

A Command in the rear, or reverse, is when any eminence is directly 
behind the work which it commands. 

A Command by enfilade is when an eminence is situated in the pro- 
longation of any line of a work, and a considerable part of it may be 
seen from thence ; this line will be subject \a «Qfi\aAft, ^sA «vxj3ft. ^ <5Ksas>- 
mand is the most dangerous. 
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The Ramparf (A T R) is an eleration of earth, obtained fhnn tbe 
eicavation of the ditch ; and is that part of the fortificatioa whidi 
is situated between the ditch, and the town ; consisting of an interior 
slope, terreplein, banquette, parapet, and exterior slope or escarp. — 
( Vide Plate.) 

The Interior slope (A) is the inclination of earth nearest to ike 
town. 

The Terreplein (T) is the upper part of the rampart, which remains 
after having constructed the paitipct. 

The Parapet (R) is a mass of earth elevated on the terreplein of 
the rampart, on the side towards the country ; being frona 18 to 
22 feet thick, and from 6 to 8 feet high. The top is formed with a 
slight declivity towards the country, which is called the superior dope^ 
so constructed that the fire of musketry over it may be directed on the 
boundary of the counterscarp of the ditch, when the ground is level ; 
but, when commanded by the enemy, the crest must be raised in pro- 
portion. 

The Banquette is an elevation of eai-th, or step, on which the soldiers 
stand to fire over the parapet. 

The Revetment is the masonry which retains the earth of the ram- 
part on its exterior side. It is about 5 feet thick at the top, and its 
slope is one-fifth, or one-sixth its height. 

The Berm is a space, or path, sometimes left between the exterior 
slope of the i-ampart, and the ditch. It seinres as a communication 
round the works, and prevents the earth falling into the ditch. 

The Tahlette is a fiat coping-stone, on the exterior of the top of the 
escarp of whole revetment. 

The Cordon is a semi-circular projection of stone, whose diameter is 
about one foot, placed at the top of the slope of the revetment of the 
escarp. 

The Escarp (a) is the exterior slope, or wall of the rampart. 

TJie Counterscarp (b) is the wall, or slope of the ditch, opposite to 
the escarp. 

The faces of a work (p q) are those parts which form a salient angle, 
projectiiiG: towards the country. 

The Flank (q G) is the part of a work so disposed as to defend 
another ; joining the face of a bastion to the curtain, &c. 

The Bastion (M L) is a work composed of two faces, and two flanks. 
Bastions are joined by curtains, and are constructed salient, and witli 
flanks, in order that the whole escarp may be seen, and that a reci- 
procal defence may be obtained. 

Bastions are of various kinds — viz., full (M), empty (L), also flat, 
detached, demi, and tower bastions. 

A Fall bastion (M) is when the terreplein occupies all the interior 
space of the bastion. From the description of this bastion, that of 
all the others may be ascertained, according to their distinctive appel- 
htioDS, 

The Curtain (G R H) is that part o? ^3^% T«ssv^^x\.NR\vv2tt>\«&\5ft.tveen 
two bastions, and joins the tianks tWeoi. 
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A Front of fortification consists of two half bastions, and a cur- 
tain. 

The Ditch (B) is an excavation from 12 to 24 feet deep, and from 
90 to 150 feet broad, surrounding the rampart. The side of the ditch 
nearest the place forms the escarp (a) ; and the opposite part, the 
counterscarp (b) is made circular opposite to the salient angles of the 
works. 

The Covered way (V) is a space of about 30 feet broad, extending 
round the counterscarp of the ditch, being covered by a parapet from 
7 to 9 ieet high, with a banquette. 

The Glacis (X) is the superior part of the parapet of the covered 
way, forming a gentle slope towards the country, and teiminating at 
from 120 to 180 feet; it covers the revetment of the body of the 
place. 

The Places of arms of the covered way are spaces contrived in the 
salient, and re-entering angles of it ; those (c) in the re-entering angles 
flank the branches of it, and contain troops for sallies, and its defence ; 
and those (P) in the salient angles serve for assembling the Troops 
destined for the defence of the covered way. 

The Sallyports are openings cut im the glacis, at the faces of the re- 
entering places of arms, and at the branches of the covered way. They 
are used in making sallies from the covered way. 

The Traverses (n) in the covered way, ai-e parapets which cross 
the breadth of it at the salient, and re-entering places of arms, &c 
They cover the troops who are drawn up behind the parapet of the 
covered way, from the enfilade fire of the enemy. They have passages 
cut in the parapet of the covered way, close to the traverses, in order 
to form a communication from one part of the covered way to 
another : these passages are about 6 feet wide, and are provided with 
gates. 

A Citadel is a fortress joined to the works of a place, and is for- 
tified both towards the town and country. It should always be situ* 
ated on the most commanding ground, serving to keep the inhabitants 
in awe, and, should the town be taken, it becomes a retieat for the 
garrison. 

The Esplanade is a space of even ground, dear of buildings, situated 
between the town and citadel. 

The Body of the place (or Enceinte) consists of the work next to, 
and surrounding the town, in the form of a polygon, whether regular, 
or irregular. 

Outworks are those works which are constructed beyond the body of 
the place, such as tenailles, ravelins, &c. 

The Tenaille (D) consists of two faces, and a small curtain. It is 
constructed between the flanks of the bastions in front of the curtain, 
and has a terreplein, parapet, and banquette. 

The RaveUn (P) is constructed opposite the curtain (in front 
of the tenaille), is composed of two faces, "wbAC^ ferrev «k ^\cis^.vass^^ 
towards the coimtrj, and of two deini-gOT^«& ioxm^ V5 ^^ owosifwi^- 
scarp. 
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A Hom-rrork is composed of two half-bastions, and a cortam, with 
two long sides directed upon the faces of the bastions, or ravelins^ so 
as to be defended from them. 

A Croum-work is composed of a bastion between two cartains, whidi 
are terminated bj half bastions. It is joined to the bodj of the place 
bj two long sides. 

Lunettes, and TenaiUons are works (consisting of two fiices) con- 
structed on each side of ravelins. 

A Fleche, or Arrow, is constructed along the foot of the glacis 
before the re-entering, and salient places of arms. It consists of a 
parapet, whose faces form a salient angle, and are about 120 feet long, 
and it has a communication with the covered way, cut through the 
glacis. 

The Caponniere {Y) is a work intended to cover a passage across the 
ditch. That from the tenaille to the gorge of the ravelin is a road 
about 30 feet wide, covered on each side by a parapet 7| feet high, its 
superior slope terminating in a glacis about 60 feet wide. 

A Cunette is a small ditch made in the middle of a dry ditch, to 
drain off the water from the place, &c. 

A Batardeau (e) is a solid pjece of masonry, 7 or 8 feet tliick, 
crossing the whole breadth of the ditch opposite the flanked angles of 
the bastions. It retains the water in thobe parts of the ditch which 
require to be inundated. 

A Ramp (t) is a road cut in the interior slope of the rampart, 
forming a communication from the town, &c., to the teiTeplein, 

A Cavalier is a work constructed upon the teiTeplein of a full bastion, 
being from 8 to 12 feet above the rampart, with a parapet 6 feet high. 
Its use is to command some rising ground within cannon-shot, and to 
serve as a traverse for preventing the neighbouring curtains from being 
enfiladed. 

Parallels, or Places of arms, thrown up at sieges, are trenches 
formed to connect together the several approaches to a besieged 
place. 

Zig-zags, or Boyeaux of communication, are trenches made for the 
approaches from the parallels to the besieged place. They are generally 
3 feet deep, and have a parapet, and banquette. 

A Redan consists of two faces fonning a salient angle (which should 
not be less than 60°) with parapet, &c.* 

A Lunette has two faces similar to the redan, and also two flanks.^ 

A Redoubt is a square, polygonal, or circular field fort.* 

A Star fort consists of a succession of salient, and re-entering angles, 
formed on the sides of a polygon. These forts are usually constructed 
on a triangle (when they have six salient points), or a square (having 
eight salient points).* 

Tetes de pont, or Bridge heads, consist of redans, &C, which are 
constructed upon the banks of rivers, to protect the passage across 
them,* 

• Kuie Field FoETiFic^i:io^,^a«,e%'i^i'»^^'^»'^^» 
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Lines are formed for the entrenchment of armies, and are composed 
of a succession of redans, &c., (joined bj curtains,) which should not be 
more than 120 yards distant from each other, to afford mutual protec- 
tion, and defence.* 

An EpaajUment is an elevation of earth thrown up to cover troops 
from a flanking Bre. 

Loop-holes are oblong holes, from 15 to 18 inches long, 6 hiches wide 
within, and 2 or 3 without. Thej are cut through timb^^ or masomy, 
for the service of small arms. 

Palisades are stakes of strong wood, 8 or 9 feet long, and 6 inches 
thick, fixed about 3 feet in the ground, and 3 or 4 inches asunder. 

Fraises are a kind of palisades^ placed horizontally, or obliquely in 
the exterior slope of ramparts. 

A Stockade is formed of rough timber, the logs of which are 8 or 
more inches in thickness, are sunk about 3 feet in the ground^ and are 
at least 7 feet above the earth. The logs should be well secured 
together near their tops by a beam. Unless breached by artillery fire 
they require to be surmounted either by means of ladders, or by 
foi-ming a breach in them by exploding a bag of gunpowder against 
them. 

Chevaux defrise consist of a piece of timber from 9 to 12 feet long, 
and about 6 inches in diameter, into which staves are inserted cross-ways, 
about 9 inches asunder, about 2 inches thick, 6 feet long, and pointed 
at the end if not shod with iron. Their use is to stop up a breach, defend 
a passage, or form an intrenchment against cavalry. Chevaux de frise 
are sometimes made entirely of iron. 

Abattis consist of trees with their branches shortened, and 
sharpened at the ends : they are used instead of chevaux de frise on an 
emergency. 

Hurdles are about 3 feet high, and 2 broad, and are used in sieges to 
stop up breaches, &c 

Trous de loup are holes dug in the ground in the form of an 
inverted cone, about 6 feet deep, and 4^ in diameter at the top, 
having a picket fixed in the centre of the bottom, 6 feet long, and 
4 or 6 inches square, the point being on a level with the upper surface 
of the ground. These pits are used to prevent the approach of bodies 
of cavalry. 

PERMANENT FORTIFICATION. 

Remarks, and general rules. 

The ground plan, and relief of bastioned fortifications are mutually 
dependent on each other; and, as a variety of causes occur to influence 
both according to the various sites occupied, it is impossible to give 
them any flxed arrangement, and dimensions, applicable under all cir- 
cumstances. However, under the supposition that the site to be 
fortifled is a horizontal plane, a great number, and nvixv^X.'^ qI ^^^Xks&s^ 



* Vide Field FosnnoAxiov.pagjea^Wi*^^^^^^* 
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haye been proposed at difierent times ; almost every author, who has 
treated of fortification, having invented one, at least, of his own. 
Notwithstanding this diversity of opinion, as to the best system, all 
agree that the following general principles should not be lost aight of 
in the construction of fortifications. 

1. Salient angles should be as large as possible, and never less than 
60®. The larger they are, the smaller will be the space in front 
undefended by direct fire. If less than 60°, the salients of earth are 
too acute to stand firmly for any length of time; and the angles of 
masonry are easily damaged: besides which, the space within the 
parapets becomes too restricted to admit of a gun being worked near 
the angle. 

2. Angles of defence should be right angles, or slightly obtuse. If 
less than right angles, the fire from the fianking works might injure 
the dsfenders of the works they flank ; as troops generally, and moie 
particulai'ly at night, fire in a direction perpendicular to Uie parapet ; 
and if too obtuse the fire might be directed wide of its object. Be- 
sides, embrazures should be cut as direct as possible ; as the more they 
are oblique, the more they weaken the parapet. 

3. The length of the lines of defence shall be such, that the works 
defended may be within the effective range of the projectiles used. 

4. The works should be so disposed that the assailants may not be 
able to obtain cover in any part of the exterior, within range of the 
projectiles of the defendei s. 

5. The escarps of the body of the place should be of such height, or 
construction, as to be secure against escalade. 

6. The masonry should be sufficiently covered from the view of the 
enemy, to prevent his making a practicable breach from a distance. 

7. The interior of every work should be completely covered from 
the view of an enemy outside it ; so that he may not be able to fire 
directly into any part of it. Interior works should therefore have a 
command over those in front of them, at least equal to the height 
which a besieger can give to the parapets of his lodgments, and which 
is seldom less than 3 feet. 

8. Every opportunity should be seized of so directing the faces of 
works that an enemy may not have it in his power to enfilade them 
by ricochet fire. 

9. In the general construction of fortifications the salients should 
be few, and sufficiently prominent to force the besieger to take them 
before he can attack the re-entering parts. The object of this is to 
reiluce the number of points of attack, as the fewer they are, the less 
advantage an assailant derives from his numerical supenoiity. 

10. Permanent fortifications must be considered very incomplete 
without a sufficiency of casemated cover for the sick, and wounded, 
and for the portion of the garrison off duty. The magazines of ammu- 
nition and provisions, should also be secure from the effects of shells ; 
and the supply of water ample, and certain. 

11. Small enclosed works, \u "wV\\c\\ Wvft ^vi^«v^«t% tkw^\,\» <ix^^d<id^ 
without cover from vertical fire, sYiouV^i xi^NexXj^ ^.m^^Vrj^ \xi ^ercaa.- 
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nent fortification. The strength they impart can never make up for 
the loss the garrison must suffer by them. 

12. Outworks, and detached works should have easy communica- 
tions with the main work, to admit of their garrisons receiving rein- 
forcements, or supplies, when necessary; and to enable them to retreat, 
when the works are no longer tenable. 

13. Every enclosed defensive work of importance should, if pos- 
sible, be provided with a keep, or citadel, or interior entrenchment, to 
which the garrison may retii'e when the main enclosure (or enceinte) 
is forced. 

14. Outworks, and detached works near the body of the place, 
should be so constructed that the enemy, when he has taken them, may 
not be able to use them as defensive works. 

15. Outworks, and detached works, should always be of sufficient 
strength to force the enemy to make regviar attacks on them. Ad- 
vanced works of a weak construction are likely to do more harm than 
good; for the troops of the garrison seeing them taken with com- 
parative facility, would naturally lose confidence in the strength of 
their remaining defences, while that of the aasailants would be in- 
creased by early success, 

16. All fortifications should be provided with means of egress, and 
ingress, to enable the garrison to assume the offensive, whenever 
opportunities offer ; and to admit reinforcements into the fortress. 

17. There are very few fortified places that agree with any pub- 
lished system, though some resemble one or other of the systems, or 
consist of combinations, or modifications of them. The systems which 
have been wholly, or partly carried into execution are, of course, the 
most interesting, and form valuable subjects of study. A knowledge 
of their advantages, and defects, and the best methods of attacking, 
and defending them, will enable the military student properly to 
appreciate works which have been, or are to be constructed ; and the 
of>erations by which fortresses have been, or may be captured. 



vauban's first system. 

To describe three Fronts of fortification, on a hexagon. 

Vide Plate, 

With a radius of 360 yards, the length of the exterior side of the 
fortification (taken from a scale of equal parts), desciibe a semicircle, 
which divide into three equal parts, and draw lines to the points of 
division ; thus forming three exterior sides. Bisect each of these by 
perpendiculars drawn to the centre of the polygon, on which set off Jth 
of the exterior side (if a hexagon),* through which points draw the 
Lines of defence ; on these set off f ths of the exterior side, from the 
angles of the circumference, for the length of the faces of the bastions v 

* For a square, the length of the peTpeT\A\c\v\a.T \% A-%>J(v \Jcv% ^sX^e^st ^^«^\ 
for a pentagon l-7tii ; for the hexagon* vd^ othisc ']^\^\|.ou3^\.-^>^ 
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with i-adius of the distance between the two faces desciibe arcs joining 
the lines of defence, and draw the chord of these arcs for the jUmki of 
the bastions ; a line joining the interior extremities of the flanks will 
give the length of the curtains. 

Or to describe one Front of fortification. 

For the exterior side draw a line 360 yards in length, at the 
ends of which, lines are to be directed to the centre of the polygon, 
at the angle required ; {vide Practical Geometry — To find the 
angles at the centre t and circumference of a regviar polygon^) then 
bisect the exterior side, and draw the perpendicular, &c.y &c., as 
described, above, for the construction on a hexagon. ^ 

Main ditch. 
From the salient angles of the bastions, with 38 yards as a radios, 
describe arcs, to which draw tangents, directed to the angles of the 
shoulders of the bastions. 

The TenaiUe. 

Draw lines parallel to the lines of defence, at the distance of 16 
yards, for the faces of the work ; its flanks, and curtain are constructed 
parallel to the flanks of the bastions, and cuiiain, at the distance of 11 
yards. 

The Ravelin, 

From the re-eutenng angle of the counterscarp, make the capital of 
the ravelin 80 yards in length, and from its summit draw lines to 
points, on the faces of the bastions, 11 yards from the angle of the 
shoulder ; the junction of these lines, and the counterscarp of the main 
ditch will determine the length of the faces of the ravelin. The gorge 
is formed by drawing lines 24 yards from the le-entering angle of the 
counterscarp to the intersection of the pei pendicular, and the exterior 
side. From the salient angle of the ravelin, with a radius of 24 yards, 
describe an arc, to which draw tangents parallel to the faces, for the 
breadth of the ditch. 

From the outline of the works draw the following parallels in- 
wards :— 

Rampart. 

1. At the distance of 6 yards, for the thickness of the parapet. 

2. From which 12 yards, for the breadth of the teiTeplein. 

3. From which 6 yai*ds, for the breadth of the interior slope. 

Tenaille. 

Dmw lines parallel to the faces, at the distance of 6 yards, for tlie 
parapet, 

Havelin, 
To the thces of the work draw i"^e fo\\oV\w^ ^«c^\^^\ — 
i. At the distance of 6 yards, fov the ^axav^t. 
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2, From which 8 yards, for the terreplein. 
8. From which 5 yards, for the interior slope. 

Covered way. 

Draw lines parallel to the counterscarp, at the distance of 11 yards, 
for the breadth of the covered way. 

Salient places of arms. 

These are formed by the salients of die branches of the covered 
way. 

Re-entering places of arms. 

Set off 40 yards ou each side of the re-entering angle of the counter- 
scai'p for their demi-gorges, from which points draw their faces at an 
angle of 80 degrees inwards. 

Glacis, 

For its breadth, draw parallels to the branches of the covered way, 
and the re-entering places of arms, at the distance of 50 yards. 

Traverses, 
Those at the re-entering places of arms are erected perpendicular to 
the covered way ; those at the salient places of arms are foimed on 
the prolongation of the faces of the bastions, and ravelins, across the 
covered way ; all the traverses are 6 yards thick at the top. The 
passages, cat out of the glacis, to enable the troops to pass I'ound the 
traverses, aie 4 yards wide. 

Ramps, 

Flanked angle of the empty bastion. — From the angle of the interior 
slope set off Id yards on each side, from which points di-aw lines 
42 yards in length diagonally along the interior slope for the length of 
the itimps ; to which draw parallels, 4 yards distant for their breadth ; 
erect perpendiculars from the points (16 yai-ds from the angle) until 
they intersect each other, from which point as a centre, with radius of 
the distance between the ramps, describe an arc joining the head of the 
ramps of the two faces ; concentric to which, with a radius (> yards 
less than the foimer, describe another arc, to which draw tangents from 
the termination of the ramps, representing their slopes. 

Gorge of the full bastion. — From the angle of the interior slope, set 
off 16 yards on each side, from which points draw lines 42 yards in 
length diagonally along the interior slope ; draw parallels to these at 
the distance of 5 yards, for the breadth of the ramps ; erect perpen- 
diculars at their head, from the intersection of which as a centre, with 
radius of the distance between them, describe an arc, parallel to which, 
with radius 6 yards less, describe another arc, to which draw tangents, 
completing the interior slope of the ramps. 

Flank of the empty bastion. — Set otl* A.1^ "j«tA&,^OTa. ^^ «s\';^'t ^H. 

the Book of the interior slope, diagonaWy a\.oxi^ VJckfc ^a^> ^«^ '^'^ 

length of the ramp, to which draw a varaWftWm^ ^ -^^c^^ ^\^\»s^>'^sst 
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the breadth, prolonging it to the top of the interior dope, and setting 
off 6 yards for the interior slope at the head of the ramp ; to which 
point, from the end of the ramp, draw a line ; and also from the same 
point draw another line parallel to the prolongation of the side of the 
ramp, and joining the interior slope of the £m» of the bastion. 

Havelin. — From the angle of the interior slope, set off 12 yards on 
each side ; from these points draw lines 30 yards in length, diagonally 
along the interior slope, for the length of the ramps ; to which draw 
parallels 4 yards distant for their breadth ; erect perpendiculars at the 
commencement of the ramps, and from their intersection, as a centre, 
with radius of the distance from the ramps, describe an arc joining 
the two ramps : also from the junction of the perpendiculars draw 
lines to the termination of the ramps, for their slopes. 

Caponniere, 

Make the passage of this work 10 yards wide, including the banquette 
on each side : the superior slope of each parapet terminates at 20 yards' 
distance. 

Bridges f and communications. 
These are from 4 to 5 yards wide. 

StairSf or Fas de souris. 

These steps of masonry are made at the gorges of the several works, 
and at the salient, and re-eutering angles of the counterscarp. Those 
at the salients are generally 24 feet long, and at the re-entering angles 
30 feet ; they are 5 feet wide, and their steps 1 foot distant from each 
other. 

Sally-ports, 

These passages, cut through the glacis, are about 4 yards wide, and 
6 yai'ds long, 

PROFILE, OR SECTION OF VAUBAN'S FIRST SYSTEM. 

Construction. 

The interior slope of the rampart has a base of 18 feet, and a per- 
pendicular height of 17 feet 6 inches. 

The teriepleiii has a breadth of 25J feet, its height being 18 feet 
sloping to 17 feet 6 inches, the height of the interior slope. 

The banquette is 3 feet in height, the tread 4 feet wide, and the 
slo|)e 5 feet wide. 

The parapet is 4 feet 6 inches higher than the banquette, its interior 
slope is 18 inches, its thickness 18 feet, and its superior slope has a 
declivity of 3 feet ; the revetment is 3 feet thick. 

The escarp has a pei'pendicular height of 36 feet, measuring from 
the cordon to the bottom of tiie ditch. 

The tabJette, or coping-stotve, at tba toi^ of the revetment, has a 
projection of 6 inches square. 

The cordon is semicircular, its ia)i\i\xs\iftm^^ Vac^wa* 
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The slope of the escarp is 6 feet, the thickess^of its revetment at the 
top 5 feet, and at the bottom 11 feet. 

The counterfort joins the escai*p : it is 1 foot lower than the top of 
it, 9 feet wide, and it extends to the bottom of the foundation, which 
is 3 feet below the bottom of the escarp ; the retreat, or lessening, has 
a width of 1 foot. 

The ditch is 38 jards wide, from the salient angle of the bastion. 

The counterscarp is 17 feet 6 inches in perpendicular height, its 
slope being 3 feet, and its thickness at top 3 feet, the bottom, there- 
fore, having a thickness of 6 feet ; the foundation is 3 feet ; and the 
retreat 1 foot. 

The terreplein 'of the covered way is 20^ feet wide, and its slope is 
6 inches. The banquette is 3 feet high, its tread 5 feet, and its slope 
6 feet. The parapet is 4 feet 6 inches above the banquette, and its 
interior slope is 18 inches. The glacis, which forms the superior slope 
of the parapet of the covered way, is 50 yards in breadth. 

The counterfort of the counterscarp is 5 feet in thickness, being 
1 foot lower than the top of the countei'scarp, and extending as low as 
the foundation of it. 

The counterforts of the escarp, and counterscarp are 15 feet distant 
from centre to centre of each other, those of the escarp being at the 
end adjoining it 5 feet 6 inches, and at the tei*mination 3 feet 8 inches 
thick ; those of the counterscarp being in thickness at the larger part 
3 feet 6 inches, and at the siAaller 2 feet 4 inches. 



Vide Plate, 
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Interior slope. 

Terreplein of rampart. 

Parapet of rampart. 

Rampart. 
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Tenaille. 

Caponuiere. 

Batardeau. 

Ravelin. 

Redoubt in ravelin. 

Counterscarp. 

Traverses in covered 

way. 
Be-entering places of 

arms. 
Bedoubt in ditto. 
Salient places of arms. 
Covered way. 
Glacis. 



FIELD FORTIFICATION. 
REMARKS, AND GENERAL RULES. 

1. The size of a work depends in general u^on the nnsohox ^^ 

men who are to defend it. If labour \& \iV\« «A% ^Jti\^\. ^'l ^\KciG«K!>.> 

the advantage must necessarily \)e t\ie gccaX«t m y^q^wsNj^^'^ *& "^^ 
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size of the work b less ; but if the accommodation of the troops is 
only to be considered, the advantage depends greatly npon oocapying 
much ground. 

2. The form of the work should be sach as to contain the greatest 
surface with the least perimeter. By an adher^ce to this maxim, 
we obtain the greatest accommodation for the troops with the least 
labour. The form of a field work seldom depends upon choice, but 
generally upon the spot whei-e it is to be ndsed, the purposes for 
which it is to be constructed, and the nature of the ground in the 
vicinity, 

3. The interior of the work ought to be so covered by the parapet, 
that the men within, except when on the banquette, may not be seen 
from any part without, at the distance of cannon-shot. 

4. The circumjacent ground (to as great a distance as possible) 
ought to be cleared, that the enemy may not conceal, or shelter 
himself against the fire from behind the parapet. The nearer to 
the work that the enemy can find cover, the more advantageously 
he can form his dispositions ; and, as his attacks may consequently 
be made with greater vigour, and be more readily suppoited, the success 
will be more probable. 

5. The fianking parts ought to be sufficiently capacious to contain 
all the men required for the defence of the flanked portions of the 
work. 

6. The flanking parts ought to have nearly a direct view of those 
flanked ; that is, the defence should be nearly at right angles, the most 
advantageous angle being 100 degrees. 

7. The parts flanked ought to be within musket fire of their flanking 
parts. 

8 The fire ought to be equally distributed, that every pait of the 
work may be equally defended. 

9. The work ought to be equally strong in all its parts, that it may 
everywhere equally resist the assaults of the enemy ; and the parapet 
should be thick enough to withstand the shot fired against it. 

10, The dimensions of the parapet should not only be sufficient to 
secure, and cover the troops within the work, but ought also to be of 
such a form as to afford a full view of the enemy in his approach ; and 
at the same time discover, as little as possible, the men employed for 
its defence. 

The required thickness of parapets is dependent on the nature of 
ordnance employed, or expected to be employed by the enemy in the 
attack of the work, vide pages 83, 84, 304, as a guidance in the con- 
struction of the Profile of Parapets for Permanent, and Field works, 

A Plate of " Profiles of parapets " has not been introduced into 
*'The Artillnrist's Manual" (as intended), the destructive power of 
projectiles being constantly on the increase ; to meet which the de- 
fensive resistance of parapets must similarly advance, to render parapets 
(bjr means of iron, stone, brickwork, as vidV »s ^wid^,lC ^o^sible, proof 
against every natuie of ordnance eia^\o^e^ Vti «XXar)«:\\n!?» ^^^«Q&viti, 
works. 



PART X.] FIELD FORTIFICATION. 301 

Capacity of Field works. 

The perimeter of a Field work, and the number of men to defend it, 
should bear a just proportion to each other, according to the nature, and 
object of the work : Linear measwemeni (on the crest of the parapet) 

1 yard being allowed for each man, or for each file of men ; and 5 or 6 
yards for each gun : Superficial measurement (area within the banquette) 

2 square yards for each man, and 36 square yaixls for each gun, Vai-ious 
authors, £nglish and French, have published rules for determining the 
size of Field works, and there is a great discrepancy in their conclusions : 
the following rule (adopted at the Royal Military College) for computing 
the area, and perimeter of a square Redoubt will, however, meet the 
general requirements of these works. 

Multiply the given number of men by 2, and the number of guns by 
36, for the number of square yards which the work ought to contain 
within the foot of its banquette: the square root of the pioduct will be 
the length, in yards, of the side of the square forming that area : add 
to this result, the breadth of the two interior slopes of the parapets, and 
of two banquettes, with their slopes (altogether about 7 yards), and the 
length of the side of the square, formed by the cj est of the parapet, will 
thus be determined. 

Sules. 

1. To find the quantity of earth required for the Parapet, and Ban- 
quette of a field work, &c. 

Divide the parapet, and banquette into trapezoids, and tnangles ; com- 
pute the contents of each separately (by the rules in Mensuration op 
Planks), and the sum of them will be the superficial content of a sec- 
tion of the parapet, and banquette. Multiply this by the length of the 
perimeter, or periphery of the redoubt, battery, &c., for the solid content 
of the parapet, and banquette. 

In square redoubts, or works having salient angles, if the areas of 
the sections of the parapet, and ditch, are made nearly equal, there 
will be too much e:irth. Bearing this in mind, previous to com- 
mencing the excavation of the ditch, an allowance must be made for 
the angles, to prevent any excess of earth for the parapet, and ban- 
quette. 

2. To find i rapidly, the quantity of earth required for a Parapet, 
and Banquette. 

Multiply the height of the crest of the parapet, into the sum of the 
bases of the superior, and exterior slopes ; which will give the super- 
ficial content, very nearly. 

3. To compute the superficial content of the Ditch. 

Multiply the depth into the breadth at bottom, to which product 
add the areas of the escarp, and counterscarp, for the content required. 

4. To find the breadth of the Ditch, of the usual fowa.. 

Divide the area of the section of ttve ^w«^t\. \i^ ^^ \w\few\'^^^'^ 
of the ditch, and the quotient will V» ^ft m<i«Q. Xiv^aAJCcv ^'l ^^ ^v»2a^\ 
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to this add half the sum of the bases of the slopes of the escarp, and 
counterscarp, for the breadth at top^ and deduct the same for the breadth 
at bottom. 

5. To find the breadth of the Ditch, haying a triangular section. 

Divide the area of the section of the parapet by half the given depth 
of the ditch, and the quotient will be the requii-ed breadth at the 
top. 

Construction of Field works, — Vide Plate, 

Fig, 1. The redan. 

Draw a base line, 60 yards from the centre of which erect a perpen- 
dicular, 40 yards ; join the teiminations of the base, and perpendicular, 
which will form the crest of the parapet of the work. 

Fig, 2. The lunette. 

Construct a redan (vide No, 1), base 80 yards, perpendicular 
50 yards: make the faces of the lunette 45 yards in length, and draw 
the flanks to points on the base line, 30 yards, from the perpen- 
dicular. 

Fig, 3. The square redoubts 

Construct a square, each side 40 yards, (vide Practical Geometry). 
To form additional faces when required, bisect the side of the square, 
draw perpendiculars inwards equal to Jth of the side, and join the ter- 
mination of the perpendiculars, and the sides of the square, thus form- 
ing a double number of faces. 

Fig. 4. The pentagonal redout. 

Desciibe a circle, radius 30 yards, and construct a pentagon in the circle 
{vide Practical Geometry), thus forming the crest of the parapet 
of the redoubt. 

Fig, 5. The hexagonal redoubt. 

Describe a circle, radius 30 yards, and construct a hexagon within it 
(vide Practical Geometry) ; the sides of which form the crest of the 
parapet of the work. 

Fig, 6. The circular redoubt. 

Describe a circle, radius 30 yards, which will form the crest of the 
parapet of the redoubt. 

Fig, 7. Tlie star fort, with six points. 

Construct an equilateral triangle, and divide each side, 75 yards, into 
three equal parts : form also an equilateral triangle on the central portion 
of each side, 25 yards, and the crest of the parapet of the fort will be 
ti-aced. 

Fiff. 8. The star fort, with eigJit points. 

Construct a square : divide eacYv v,\dft, ^0 -^wds, into three equal 
parts, and on the central porWon, ^Q -^ai^s, ^«acxCc» wi «a^S«.\«s»J^ 
ttJODgle : the periphei-y of the ioit w\W.lYi\ift>» oXiXalvasA.. 
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Fig. 9. The field fort, with bastions, and half bastions. 

Construct a square; from the centre of each side, 120 yards, drop a 
perpendicular equal to one-eighth of the side, through the extremity of 
which, from the angles of the square, draw the lines of defence ; make 
the faces of the bastions, and half bastions, two-sevenths of the exterior 
side, and draw the flanks perpendicular to their respective lines of 
defence. 

Fig. 10. The bridge head, or tete dupont. 

Construct a redan, base 50 yards, perpendicular 30 yards, at an 
appropriate distance from the bridge, 50 yards ; draw flanks, 20 yards, 
perpendicular to the faces, and from their termination draw lines to the 
river parallel to the capital of the work. To strengthen the interior 
defence of the t6te du pont, construct a fl^che, faces 20 yards each, and 
10 yards in front of the bridge, which is 4 yards wide. 

In the construction of bridge heads, the foregoing Figures may be 
employed when expedient; the simplest form, the redan, being for 
light bridges ; and the more perfect defence, the bastioned front, or 
fronts, for bridges of material consequence. 

Figs. 11, 12, 13. Zines.— Vide Plate. 

Fig. 11. Construct a redan, base 40 yards, perpendicular 30 yards; 
which join by a.cui-tain, 100 yards, to a queue d'aronde. 

Fig. 12. Side of square, 35 yards, and lines drawn from summit to 
points on the curtains 10 yards. To increase the defence of the next 
curtain, 100 yards, bisect it by a i)erpendicular, 15 yai'ds, and draw 
the two faces. Lengthen the lines by cremaill^res. 

Fig. 13. Base 100 yards ; crochet, base 5 yards ; perpendicular 
20 yards. 

Lines, continuotis, are formed by a modification of redans, lunettes, 
cui*tain8, &c., dependent on the nature of the ground, and the means of 
defence. 

Lines, with intervals, are formed by detached redans, lunettes, &c., 
within range of each other ; the rear works flanking those in front. 

Bridges, and passages into field works are from 6 feet to 12 feet 
wide, according to the requirements.* 

Traverses are placed about 9 feet from the slope of the banquette, 
their length being so regulated as to exclude from the view of the 
enemy the interior of the field work, through the bridge, &c.* 

The natui-e, and form of the field work, or lines, required for the 
defence of a post, &c., &e., having been determined, the perimeter may 
be laid down, in conformity to the construction detailed in the fore- 
going figures : after which the requisite dimeusioua q^ \\\& '^asc^^^ 
ditch, &c., (dependent, of course, on t\« T4a.\.UTft o? \)cv^«x«k^' * ct\^^s^sMfe^ 
must be taken into consideration, and ^t ^^uaaMiX.^ «fi «nx^^^^^^~ 
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puted by tbe Suits, pagn 300, 301, or by tbtm <n Praoticu. Qeo- 
UETRV. The following Table will, honerer, in muiy cata be fbund 
u»ful ; and, by ■ judicious adaptation of it, much time m&y be and 
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Simple Methods op traoiho Field WoBKa, on the Gboosd. 

1 . Square redoubt. 

Place piclteta in a line (in length conformable to the mde of the 
Inteniled woik), at each end of which erect perpend ieulsrs eqnal in 
leiigth to the aide tint marked out. and join the terniiuatioa of theeo 

tt<Ae. — A pei'pendieular is raided on a given line, with a chain or 
cord, bj- forming a right-angled triangle from the numbers 3, 4, and 5, 
or any multiples thereuf, and eitending thu cord, &c., so thai the baae 
may conespnd with the base line of the piohela, and the perpen- 
dicular be in the direction of the side requiied.~- Fnfa Practical 
GeOuetbY. 
2. Pentagonal reSaabt. 

With a chain, tape, or ootd, oonrtTTUit, wA \ki 4wjni-w\'ii. ycket* 
£?8 »uniJar, and contiguous trtati^W.^aiint *««>«», ■<te^ tent, 
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the sides of the pentagon, in the proportion of 47 to the other two 
equal sides, the length of each of these being 40, 

8. Hexagonal redoubt. 

From a central point with a chain, or line, construct, and lay down 
with pickets, six equilateral, and contiguous triangles, the bases of 
which will form the required hexagon. 

4. Octagonal redoubt. 

Construct a square {vide No. 1), from the centre of each side of 
which erect perpendiculars outwards, in length proportional to the 
side as 13 to 60 (nearly 1 to 5); join the extremities, or termination 
of the perpendiculars, to the angles of the squai-e, which will determine 
the sides of the octagon. 

Note 1. — The directions for the construction of the pentagonal, and 
hexagonal redoubta are on a small scale; but the redoubts may be 
increased by the equal extension of the interior sides of the triangles, 
until the bases are sufficiently long for the periphery of the work 
required. 

Note 2. — ^By means of the pocket sextant, prismatic compass, or 
reconnoitring protractor, the pentagonal, hexagonal, and octagonal 
redoubt may be thus traced on the ground. From a central point 
place pickets at the requisite distance from each other, and in the direc- 
tion of lines drawn from the angle of the centre of the intended work. 
( Vide Practical Geometry. To find the angles at the centre j and 
circumference of a polygon.) Extend these radii equally until the 
relative distances between them are of the length required to form the 
sides of the proposed equilateral redoubt. 

6. Ihmt of fortification, for a Field fort. 

Place pickets in a straight line, of the length required for the front 
of the proposed field work ; from the centre of which drop a perpoi- 
dicular inwaids, making it for a square, pentagon, or hexagon, respec- 
tively one-eighth, one-seventh, or one-sixth of the exterior side. Direct 
the lines of defence from the termination of the exterior side to the 
end of the perpendicular, making the £tces of the bastions two-sevenths 
of the exterior side, and constinicting the flanks perpendicular to, and 
joining the lines of defence. Other fronts are traced by laying down 
the exterior sides, at the angle of the circumfeience of the intended 
polygon (vide Practical Geometry), by means of the prismatic com- 
pass, &C., and then proceeding as directed for the former fiont. 
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PAET XL 
BRIDGES, AND PONTOONS. 



BRIDGES. 

1. To find tJie number of planks required to form a fioit, to support 
a given weight, 

1st. Find the content of one plank (vide Practical Geometrt, 
Part 13;, and multiply it by the specific giuvityof the wood; the 
product will be the weight of the timber, 

2nd. Multiply the same solid content by the ^cific gravity of 
water ; the product wiU be the weight of an equal bulk of water. 

Then take the difference of these two products, or weights, and it will 
be the weight one piece of timber will support without sinking. Hence 
by Proportionj the number required to support the given weight may 
be found. 

Note. — ^A fir tree, 1 foot square and 25 feet long, will float abont 703 poonds. 

2. To find the number of casks required to form a raft to support a 
given weight, 

Ist. Fmd the solid content of one cask, in cubic inches (vide Prac- 
tical Geometry), and multiply it by the specific gravity of water • 
the product will be the weight of a quantity of water of equal bulk 
with the cfisk. 

2nd. From this product, or weight, subtract the weight of the cask 
and the remainder will be the weight it will support without sinking. 
Then by Proportion^ the number required for the formation of the rati 
may be found. 

3. To find the number of boats, or pontoons, required to support a 
given weight. 

The burthen a boat, or pontoon, will support without sinking beyond 
a given depth (the form of the boat, or pontoon, being known) must 
first be found, thus — 

1st. Find the solid content of the part to be sunk, in cubic feet (vide 
Practical Geometry-, Part 13), and multiply it by the specific 
gravity of water {vide Gravity, Part 13). 

2nd, Subtract fiom this product the weight of the boat, or pontoon, 
and the remainder will be the burthen it will support without biukin<^ 
beyond the required depth. 

Then by Proportion, the number required to support the given 
weight may be computed, 

j^ote. — In the constniction ot "Bnd^ea, s\vo\Av\ a. To\ft Te<\ulre to be extended 
across a rapid river, the coW 6\io\Ad \« v^^»^■vsl^^ife\»*^.»1asA\»^^^,i^x^ 
the bhore, as the bout advances. 
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PONTOONS. 

General BlancharoTSi Admiral CaffirCa pattern, — These Pontoons 
are cylindrical, and are formed of sheet iron in two pieces, which are 
bolted together for convenience of transport, &c. ; the interior being 
strengthened with ribs of angle iron. 

Dimensions, and Weight, 

Extreme Length. Diameter. Weight. 

ft. in. ft in. cwt. 

Heavy, or Cavalry with I 32 6 2 7 5i 

Hemispherical ends j * 

Light, or Infantry, with\ , ^ j. 17 n 

Conical ends j 1«^ 4 17 14 
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PART XIL 
FIEEWOEKS. 



CASES. 



Cases are made of difTerent dimensions according to the description of 
firework required, and the length of time it is intended to bum. 

The following is a description of the method genei'ally adopted in 
making cases. 

The •* Former *' is a cylinder of such size as may be required, of wood, 
solid brass, or brass tubing: the last is to be preferred on account of its 
lightness, and non-liability to alter its shape like wood. 

The paper used is good strong brown paper, weighing not less than 
84 lb. to the ream — cut up into slips, the width of paper correspcmding 
to the length of the case. As the paper is always tougher in one direc- 
tion than the other, care must be taken to cut it so as to roll up in the 
direction in which the paper is tough. 

A slab of slate, about 18 inches wide and 4 feet long, with a polished 
surface, is generally used to roll the paper upon, and a wooden board 
with a handle at the back is required to press the layers of paper 
together after the paper has been rolled. 

To roll a case. — Place the piece of paper on the slab, paste over the 
whole of the upper surface ; then lay the former upon the p^per dose 
to the bottom edge, and parallel to it. Roll up tightly to the top, using 
as many slips of paper as is necessary for the thickness of the case. 
Press down the wooden board upon the case, and former, rolling it 
forwai'd, until the layeis of paper adhere closely, and the case is of the 
proper gauge. Slip the case off the former. 

If required for a rocket, or other contracted case, it must then be 
choked with a strong piece of cord until the vent is reduced to the size 
of the spindle that vriil be used when the case is driven. 

ROMAN CANDLES. 

When the case has been properly finished, ram in a little dry clay, 

then put in a small quantity of grain powder, then a star, after which 

a ladleful of composition is to be put in, and lightly rammed down. 

Hepeat this operation with the powder, star, and composition till the 

case is filled, after which it must be primed, and capped. 

The ladle used for this, and a\V olVv«t ca&«& ou^jbt to be two diameters 

and a half in length, and a Utile \eaa \Jaa.\i\i«^!L «. ^\axaa\Kt \siV«sks^\^ oo 

as to admit of its entering the case. 
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Roman candles fired alone are generally placed upright in rows, but 
when used in connection with a fixed piece, they may be fired at any 
inclination, not exceeding 45^. 

Signal rocket composition, with about 4 oz. of mealed powder to the 
proportion hereafter given, makes about the best composition for Roman 
candles. 

The signal rocket stars are also the best for Roman candles ; th^y 
ought to be just of such size as to drop readily to the bottom of the 
case. 

CRACKERS. 

The case is made of cartridge paper, the dimensions required being 
15 inches by 3^ inches. First fold down one edge, about J of an inch 
broad, then turn down the double edge about ^ of an inch, and bend 
back the single edge over the double fold, so as to form within a 
channel, which is to be filled with mealed powder, not ground very 
fine ; the powder is then to be covered by the folds on each side, and 
the whole is to be pressed by a flat ruler ; and the part containing 
the powder is to be folded into the remainder of the paper, every fold 
being pressed down. The cracker is then doubled backwards, and 
forwards in folds about 2^ inches, which are pressed quite clofie, and 
a piece of twine is passed twice round the middle across the folds, 
and the joinings secured by causing the twine to take a turn round 
the middle at each fold successively; one of the ends of the folds 
may be doubled short under, which will produce an extra report ; the 
other must project a little beyond the rest for the purpose of being 
primed. 

EARTHQUAKE, ARTIFICIAL. 

Mix together twenty pounds of iron sand, and twenty pounds of 
sulphur ; and after making it into a paste with water, bury it a little 
depth in the ground. In ten or twelve hours, if the weather be warm, 
the eai-th will swell up, and burst ; flames will also issue out, scattering 
around a yellow and black dust. 

GERBES. 

Gerbes consist of strong cylindrical choked cases of thick paper, filled 
with brilliant composition, and sometimes with balls or stars. Gerbes 
throw up into the air luminous and sparkling jets of fire ; and when 
arranged in a circular manner, as the radii of a circle, they form what 
is called a fixed sun. The thickness of the cases for brilliant fire must 
be a fouith part of the diameter, and for Chinese fire a sixth part. The 
case is loaded on a nipple, having a point equal in length to the same 
diameter, and in thickness to a fourth part of it ; but as it generally 
happens that the mouth of the jet becomes larger than is necessary 
for the effect of the fire, the case should be first charged by filling it 
to a height equal to a fourth part of the diameter, with c;l«.^^^Vv>s^ 
m ust be rammed down. When day Y^aa \)««r >i^x» xjaRfti, <sw^ \ss»&\. Nsfc 
takea to clear it out at the top of thft VioWo'n \«£\. Vj VJaa ^^vt^S^a* ^\«sfc. 
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the chirge t« conpleled with Ihe oompaaition, the cait should be doied 
with nboat two drama of powder, aod tbeo choked. The train, or 
match, must be of the same cooipOBitioa at that emplnf ed for loading, 
otherwiae the jet would be aubJKt to buret. JeU intended for irpre- 
MDtli^ theets of fire ought not to be choktd. They miut beplaoed in 
a boiizoDial position, or inclining ■ little downwuda. 





Geria.or 


j^cffire. 




1 


it 


tJ 


Iron umd, oi 


oM^inJrioilC^*?""/™!'^"' 
aUmetoc . .1 **'"'« fl™- ' 

-1 tn 1 I ,T,|Brilli«ntflre 1 
aumeier , .(chinewfire 1 4 

l-IWl-5diUDeler . . 

^Anjoasetot(.^;„^^^g^^_ j ^^ 


8 
1 2 


6 
6 

7 


i 

3 
6 

5 


Sand, 1st order 8 
FilinSB , . , S 
Band, 3rd order la 
Mixed Sand .13 

Imn borings ,10 



The aii]t|»tle, powdsr, and charcoal, ai-e three times sifted through 
B hair sieve. The iron filings are piescrved from the dolerioratioo, 
which would result from the preaunca of sulphur, hy cojtinglhein with 
marine |i:lue. This is doneb; cutting upS uz. of marine glue into smalt 
pieces, aiid melting it in a p^ui with I lb. of iron dlitigs. 

They are then added to the other ingredients, and the whole mixed 
by hand, or with a brush. 

The eompoaition is put in by ladlesful ; the first two ought to be of 
charcoal 3 oi., mealed powder 1 lb., and dilveu with a mallet and 
drift, 15 blows to each ladleful of tomposition. 

All mallets, and drilte used for lireworks should be made of box- 



Having broken a cast-iron plate, or iron pot, to pieces, on an anvil, 
pulveriie the fragments till the grains are not larger than radish aeed, 
then sift them tni-ough six ^raduntei sieves to sepeiate the difierent 
cizes ; and preaerve these in AiS>ma\, \.™4» \o ». •:iot irj \Ujaa in 
cloBelT-cDtked bottles. The jtaina -Ntiiiv ';«»» >iimo'fii *]b» "ia*. «t 
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finest sieve, are called Sand of the 1st order, and those that pass through 
the second sieve, Sand of the 2nd order, &c. 

Cast-iron borings are well adapted for this purpose. 

LEADERS, OR PIPES OF COMMUNICATION. 

These are small tubes of paper, of lengths adapted to the distances to 
which they are to extend. The paper is cut into slips two or three 
inches broad, or sufficient to go four times round the formers, which 
are about one-fourth of an inch diameter. Brass wire formers are the 
best, and should be oiled to prevent the paper sticking. Quick match 
is inserted in these tubes, but must be made to go in easily. The quick 
match should project an inch beyond each end of the leader, and should 
be inserted into the mouths of the cases of the fireworks with a small 
quantity of mealed powder. The leaders must not be placed too near, 
or cross each other so as to touch, as it may happen that the fire from 
one may communicate to another, and destroy thereby the intended 
arrangements. 

MARROONS. 

Marroons are boxes containing firom 1 to 6 ounces of powder. They 
are made either on a square or round former, and the ends, of the 
paper are pasted down, and well welded round with knitted twine 
worked over cross- ways. A hole is bored into the case, and a match 
inserted. 

MEALING GUNPOWDER. 

A small quantity of powder being placed on a table with a rim 
round it, is rubbed down with a scored wooden mealer until all the 
grains are broken, and it becomes sufficiently fine to pass through a 
lawn sieve. Or, it may be beaten in a strong leather b^ with wooden 
mauls : or, ground in a revolving drum with copper balls ; projecting 
ribs being constructed in the interior of the drum, and covered with 
leather. 

PORTFIRES FOR ILLUMINATIONS ; OR 8PECKIE OF LANCES. 

The cases are made of three or four rounds of demy paper, the last 
round being pasted ; they are from two to five-eighths of an inch in 
diameter, and from two to six inches long ; they are pinched dose at 
one end, and left open at the other. In filling them, a small quantity 
of the composition must be put in at a time, ramming it lightly, so as 
not to break the case. 

The composition should be inserted by means of a funnel and wire ; 
the wire being moved up and down in the case admits a small quan- 
tity at a time through the neck of the funnel, and presses it gently 
down. 

Brilliant, and diversified displays of fireworks may be readily 
exhibited by means of speckie of lances. Illuminated desi^a <\€ 
figures, &C., are represented by afj^xingoix ak\^M3iL\«»!c^^'«i5^ ^^^^^v^k 
£JJed with various coloured composlUoiis, Vi 'w\:^Oa. \«»Si!«^ \ssa&\."«s. 
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attached. The cases are fastened on with glue, and red lead mixed 
together. 

Compositions, 



i 






White. 


Tellow. 


Blue. 


1 
YcHow. 


lb. oz. 


lb. oz. 


lb. oz. 


lb. ox. 


lb. oi. 


lb. OS. 


lb. OS. 


Saltpetre . . . . : 1 
Sulphur . . . . ; 8 


6 


2 


2 4 


8 


1 2 


1 


2 


3 


8 


1 


4 


8 


1 Mealed powder • • , 6 1 




4 


12 




10 


Antimony, crude . ' 


1 


1 


4 








Gum Succum . . 










8 






Antimony, prepared 












8 




Basket salt . . 














6 

1 



Stars, crosses, revolving suns, &c., heing formed on the wooden inana 
with the speckle, will form a brilliant display. 

BAIN, GOLD, AND SILVER. 

Fill small paper cases, the same as cases for lances, with the com- 
position, and place upon the mouth of each some moist powder, both to 
keep in the composition, and to serve as a match. If the head of a 
rocket be loaded with these cases, or quills, a shower of fiery rain will 
be produced at the extreme range of the rocket. 



Compositions, 

Gold Bain, 

1. Mealed powder, 12 oz. ; saltpetre, 2 oz. ; charcoal, 4 oz. 

2. Saltpetre, 8 oz. ; sulphur, 4 oz. ; mealed powder, 12 oz. ; charcoal, 

5 oz. 

Silver Bain, 

1. Saltpetre, 4 oz. ; sulphur, mealed powder, and antimony, each 2 oz. ; 

sal prunella, 5 oz. 

2. Saltpetre, 8 oz. ; sulphur, 2 oz. ; charcoal, 4 oz. 

3. Saltpetre, 1 lb. ; antimony, 6 oz. ; sulphur, 4 oz. 

4. Saltpetre, 4 oz. ; sulphur, I oz. ; powder, 2 oz. ; steel dust, f oz. 

ROCKETS, LINE. 

Any rocket, which is not very large, may be made to run along an 
extended rope. For this purpose affix to the rocket an empty case, and 
introduce therein the rope which is to cany it, placing the head of the 
jocket towards that side to which it is intended to move. Two rockets 
with an empty case may be slmWaYXY \iseA, «ad tcv^.^ be made to move 
iu a retroc^rade direction by p\adn^ l\vem V\\)n.>i)iafe\t >m»^ x^^iwe^^^^si.^ 
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a leader to communicate from the head of the rocket to be first ignited 
to the tail of the second. 



ROCKETS, SIONAL. 

^ Composition, 

Pulverized saltpetre, 4 lb. ; sublimed sulphur, 1 lb. ; dogwood char- 
coal, 1 lb. 12 oz. 

The charcoal is first pounded fine enough to pass through a wire 
sieve, 86 meshes to the inch. The saltpetre, and sulphur are each 
separately passed through a fine hair sieve, then mixed well together 
with a copper slice, and passed three times through the hair sieve. 
The charcoal is then spread on a tray, and the saltpetre, and sulphur 
sifted a fourth time on it, and the whole being carefully mixed with a 
hard brush, is afterwards passed four times through the wire sieve. 

To each ladleful of composition, 25 blows are given for the pound, 
and 21 for the half-pound rocket. 

Twenty-eight ladlefuls of composition (7} oz.) are required to com- 
plete the pound, and twenty-five (5 oz.) the half-pound rocket. 

To prevent accidents in driving rockets, &c., the workman should 
keep his body erect, the drift being well cleaned afler each ladleful ; 
and while driving, it should be moved backward, and forward by a pair 
of holdei-s. 

Rockets are driven 3} calibres hollow, 1 calibre solid, and } calibre 
with clay. 

Moulds, 



1 Pounder 
^ Pounder 



Exterior 
Interior 
Exterior 
Interior 



Length. 
14 inches 
10-5 
11-6 

8-6 



ft 



f* 



Diameter. 
. 3-9 
. 1-7 
. 2-3 
. 1-3 



1 Pounder 
J Pounder 



Top. 
•2 



Spindles, 
Diameter. 



':► 



Middle. 
•35 
•3 



Bottom. 
•5 . 
•4 . 



Drifts. 
Length. Diameter. 
12*1 inches 1*1 . 



1 Pounder 



^ Pounder 




»> 



1* 



»» 



)* 



>» 



•1 
•1 
•1 
•9 
•9 
9 



Hollowed. 

6-5 . 

5-7 . 

2-5 . 

Solid . 

5-4 . 

2-3 . 

Solid . 



Length. 
. 6-4 
. 5-2 



No. 
1 
2 
3 
4 
1 
2 
3 



The rocket is primed with mealed powder, axvd s^w^ ^^^-wvv^ft. 
When complete, the length of the pound tocV«X S& \^\\^^«6»\ «»5^ 
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the half-pound 12 inches ; the weight of the pound rocket and stick ii 
If lb. ; and the half-pound, 13 oz. 

Length of sticks for rockets, 
1 -Pounder rocket . • 8 feet Half-pounder • • 6 feet 4 inches. 

Star ccmpositions. 



"1 



No. 1. 

Saltpetre, pulverixed . . 8 lb. 

Sulphur, sublimated . . 2 lb. 

Antimony, pounded . . 2 lb. 



Isinglass, dissolved . 8} oz. 
Vinegar .... 1 quaiti 
Spirits of wine . • 1 pint. 



2. White stars. Mealed powder, 4 oz. ; saltpetre, 12 oz. ; sulphur 
yivum, 6 oz. ; oil of spike, 2 oz. ; camphor, 5 oz. 

3. Blue stars. Mealed powder, 8 oz. ; saltpetre, 4 oz. ; sulphur, 
2 oz. ; spirits of wine, 2 oz. ; oil of spike^ 2 oz. 

4. BrOUant stars. Saltpetre, 8} oz. ; sulphur, 1} oz. ; mealed 
powder, f oz., worked up with spirits of wine. 

5. Common stars. Saltpeti'e, 1 lb. ; sulphur, 4 oz. ; antimony, 4{ oz. ; 
isinglass, ^ oz. ; camphor, ^ oz. ; spirits of wine, | oz. 

6. Tailed stars. Mealed powder, 3 oz. ; sulphur, 2 oz. ; saltpetre, 
1 oz. ; charcoal, coarsely ground, f oz. 

7. Drove stars. Saltpetre, 1 lb. ; antimony, 4 oz. ; sulphur, 8 oz. 

8. Fixed poiided stars. Saltpetre, 8^ oz. ; sulphur, 2 oz. ; anti- 
mony, 1 oz. 10 drs. 

The dry ingredients are well mixed, and sifted through a hair sieve : 
the isinglass dissolved over a fire with vinegar, and the spirits of wine 
afterwards added, and with which the dry composition is thoroughly 
mixed. It is then formed on moulds, and a hole is left in the middle 
to assist its ignition. Thirty-six stars are put in a l-pounder, and 
twenty-two in a half-pounder rocket. 

A great variety of figures may be represented in the air by attach- 
ing to a large rocket several small rockets, or small cases filled with 
the composition ; or serpents may be attached to the rocket by means 
of packthread. 

SALTPETRE, PULVERIZED. 

Sixteen pounds of refined lakepetre are put into a copper vessel, to 
which four quarts of water are added. It is placed over a charcoal 
fire to boil ; as the water evaporates it is well stirred with copper-shod 
spatulas, or paddles, occasionally taking it off the fire until the evapora- 
tion ceases ; and when brought to a fine powder it is sifted through a 
hair sieve, and spread on paper to cool. 

To extract saltpetre from damaged gunpowder, 

DmoXvQ the powder in warm water, filter the solution through fine 
linen bags, and then evaporate Wv^ vi»\,^x \i^ \«Q\Vva^\t, until the solu- 
tion is of suflScient strengtYi to crjstaWa.^. 
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SERPENTS, OR SQUIBS. 

The case is made by rolling stout cartridge paper in slips of 6 or 8 
inches in breadth three times roand a former, and pasting down the 
last fold. The case, having been choked at one end, is filled about 
two-thirds with the composition, and a small piece of paper is 
inserted, over which powder is placed, and this end is secured with 
twine. At the other extremity, moist powder with touch-paper is 
inserted. To introduce the composition into the case, a funned, and 
wire are used, the wire being pressed hard down upon the com- 
position. 

Composition, 



1. lb. oz. 


2. 


lb. oz. 


3. lb. oz. 


Mealed powder I 8 


• • 


1 


. ..10 


Charcoal . . 4 


• • 


1 


... 12 


Sulphur . . I 


. 


• 




Saltpetre . , 3 


. • 


If 





SHELLS, OR AERIAL GLOBES. 

These globes are made of wood, and iheir thickness is equal to abont 
a twelfth part of their diameters. The usual charge is an ounce of 
powder for a shell of 4 lb. weight, and 2 ounces for a shell of 8 lb. 
They may be fired from any mortars that have not a chamber. 

2b form the sheU, 

Two wooden hemispheres (with a fuze hole) are joined firmly to- 
gether, enclosing stars, squibs, rain, &G. A small quantity of powder 
is inserted to explode the shell, by means of a fuze. 

SHOWERS OF FIRE, OR CASCADES. 

Make a case } an inch in diameter, the thickness of paper being about 
Jth of an inch. Stop up one end with clay. Drive it with the com- 
position firmly with a drift and mallet, a ladleful at a time. These 
cases must be filed on a fi-ame with leaders, to be fired simultaneously. 

Compositiona, 

Chinese fire. Mealed powder, 1 lb. ; saltpetre, 2 oz. ; iron filings, 
very fine, 8 oz. ; charcoal, very fine, 5 oz. 

Ancient fire. Mealed powder, 1 lb.; charcoal, 2 oz. 

Brilliant fire. Mealed powder, 1 lb. ; iron filings, 4 oz. 

The Chinese fire is the best of the above compositions. 

The charcoal, and iron filings ought to pass through a 60 mesh 



sieve. 



1. 



Saltpetre 
Sulphur , 
Lamp hlaek , 



SPUR FIRE. 

Compositiona. 

lb. oz. 

4 8 

2 

1 8 



2. 



lb. oz. 
1 8 
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The saltpetre, and salphur must be first 'sifted together, and then 
pat into a marble mortar with the lampblack. These ingredienti 
mast be thoroaghly mixed with a wooden pestle. The oompodtMrn, if 
rubbed too much, will be too fierce, and hardly show any stars ; and 
on the contraiy, when not mixed enough, will be too weak, and throw 
out an obscure smoke, and lumps of dross without any stars. This 
composition is generally rammed in 1, or 2 ounce cases, about ^ye, or 
six inches long, but not driven very hard. Cases filled with spur fire 
may be used in rooms without any danger of setting fire to the floor- 
ing, and some of them being pluoed round a transparent pyramid of 
paper, and fired in a large room, make a very pretty appearance. 



8ITN8, OR WHEELS, FIXED AND MOYEABLB^ 

None of the pyrotechnic inventions can be applied with so much 
success in artificial fireworks, as suns, or wheels, of which there are 
two kinds, fixed, and revolving. 



FIXED SUNS. 

Consti-uct a circular piece of wood, into the drcumferenoe of which 
screw 12 or 15 pieces in the form of radii, and to these attach jets of 
fire, the mouth of each of which must be towai-ds the circumference of 
the frame ; and leaders being affixed to all the jets, they will, when 
ignited, produce the appearance of a ladiated sun. The wheel is fixed 
vertically. The jets may be arranged so as to cross each other in an 
angular manner, in which case a star, or cross of Malta will be formed. 
To produce a very brilliant effect, these suns may be made with several 
rows of jets. 

REVOLVING SUNS. 

Provide a wooden wheel of the requisite size, and bring it into per- 
fect equilibrium round its centre, in order that the least effort may 
make it turn round. Attach to the circumference of it jets placed in 
the direction of the circumference ; and affix leaders of match to com- 
municate the fire from jet to jet, according as may be required. When 
fire is applied to one of the jets, the recoil will immediately cause the 
wheel to revolve, unless it should be too ponderous or large : therefore, 
when these suns are intended to be of a considerable size, that is, when 
they consist of twenty jets, fire must be communicated at the same 
time to the 1st, 6th, 11th, and 16th, from which it will proceed to the 
2ud, 7th, 12th, and 17th, and so on. Four jets will thus make the 
wheel revolve rapidly. If two similar suns be placed one behind the 
other, and be made to turn round in a contrary direction, they will 
produce a very brilliant cross fire. 

For a sun 5 feet in diameler, \\ve casea ^ovi5A\it^ Qiv^^Ued about 
10 laches in length with com^siliou. 



BART XII.] 



FIREWORKS. 



317 



Slowfre, 

Saltpetre. . . 
Sulphur . . . 
Mealed powder . 



oz. 

' 4 
2 
U 



Compositions. 

Saltpetre. . . 
Sulpbur . • . 
Lapis CalemanariB 
Antimony . . 



oz. 

U 
* 

i 

I 



BriXLia'nl prt. 



Mealed powder. 
Saltpetre. . . 
Sulphur . . . 
Iron sand . . 



lb. oz. 

6 

8 

2 

12 



JUurnxnaAifm jirt, 

lb. oz. 
Saltpetre. ..10 
Sulphur ... 8 

Mealed powder . 6 



Gk>Iden colour. 

lb. oz. 

Mealed powder . 1 

Charcoal, very good 2 



Red Chinese f,re, 

lb. 
Mealed powder. 1 
Saltpetre. . . 1 
Charcoal . . . 
Sulphur . . . 
Iron sand, 2nd I 
and 3rd order 3 



oz. 



4 
4 

14 



White Chinese fire, 

Ib.oz. 
Mealed powder .... 1 

Saltpetre 10 

Sulphur 8 

Iron sand, 2nd & 3rd oixier 14 



Orey colour. 



Mealed {wwder. 
Saltpetre. . . 
Sulphur . . . 
Charcoal . . . 



lb. oz. 

1 
4 
2 



Four ounce cases will be required for wheels of 14, or 16 inches; if 
the wheels are larger, 8 oz., 1 lb., or even 2 lb. cases will be re- 
quired. 

The Chinese compositions are intended for cases of nine-tenths of an 
inch interior diameter, but they will be found to answer for cases as 
low as four ounces. 

TOUCH PAPER. 

Dissolve saltpetre in water ; more or less of the saltpetre, according 
as the paper is to burn fast, or slow : then dip into the solution blue 
paper, which, when well saturated, take out, and dry for use. The 
touch paper must be cut into slips, placed once round the mouth of the 
firework, and the end of the paper outside the case should be twisted 
to a point. 

WHEELS, PIN, OR CATHERINE. 

The pipe, or case is made on a long wire fonner, about three- 
sixteenths of an inch in diameter, into which the composition is poured 
thi*ough a funnel, and shaken down. The case is then rolled round a 
f^mall circle of wood about one inch in diameter, and not more than 
half an inch thick, with a hole through the centre of it for a nail, or 
pin. One end of the case is to be pasted round the wood, and each 
half turn of it secured with sealing-wax, or a strip of paper pasted 
across the wheel. The end is then primed. 

Composition, 

Mealed powder, 12 oz. ; saltpetre, 3 oz.; SQ\p\i\nA\ ^a> 
Tivo ounces of iron sand, or camphor, maj \>ft eA!i«^.,\ivs^. ''>^. "^fcR^^ 
better without either. 
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PAET XIII. 
MATHEMATICS. 



Mathematics is the science which treats of all kinds of quantity 
whatever, that can be numbered, or roeasured. 

Arithmetic is that part which treats of numbering. 

Fractions treat of broken numbers, or parts of numbers. 

Algebra is the art of computing by symbols. 

In this science, quantities of all kinds are represented by the letters 
of the alphabet. 

Geometry is the science relating to measurement. By the assist- 
ance of geometry, engineers, &c., conduct all their works, take the 
distances of places, and the measure of inaccessible objects, &c. 

Characters, marks, or signs, which are used in arithmetic, and 
algebra, to denote several of the operations, and propositions : 

+ signifies plus or addition, — minus, or subtraction, 

X „ multiplication, -i- division, 

: : : : proportion, = equality, ^ square root, 

^ cube root, 4* denotes that 4 is to be squaieJ. 

43 denotes that 4 is to be cubed, 

TABLES OF WEIGHTS, AND MEASURES. 

TROY WEIGHT. 

24 grains . 1 pennyweight. 

480 ... 20 1 ounce. 

5760 ... 240 12 ... , 1 pound. 

AVOIRDUPOIS WEIGHT, 

16 drams 1 ounce. 
256 . . 16 . . 1 pound. 
7168 . . 448 . . 28 . . 1 quarter. 
28672 . 1792 .112 . . 4 . . 1 hundred weight. 
573440 . 358-10 . 2240 . . 80 . . 20 . . . I ton. 

Jiote, — 14 pounds = 1 stone ; 2 stones = 1 quarter. 

1 lb. Avoirdupois v?e;\6\x\. = \\ ox. A\ ^vjV^. v^v 95^. Troy, 
1 ()z. ditto ....= .. \% AnnXa. ^\ «\vv 
Idr. ditto . . . . =^ . . 'n'^\'i\^ ^^. 
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APOTHEOABIES' WEIGHT. 

20 grains . 1 scruple. 

60 . . . 3 . . . 1 dram. 

480 . . . 24 • . . 8 ... 1 ounce. 

5760 • . . 288 . . . 96 . . . 12 . . . 1 pound. 

WEIGHTS. 

To find the weight, for tonnage. 
Cattle— 

Divide the number by 3, for weight in tons. 
Sheep . . . Average 60 lb. each. 

Divide by 33, for weight m tons. 
Pigs . . . Average 80 lb. 

Divide by 1 5, for tons. i 

Beer, or Ale — 

Barrel 'd\ cwt. 

Hogshead . . . . Sj cwt. 

Oats . . . Sack 24 stone. 

Divide quarteis by 5, for tons. 
Rum — 

Divide gallons by 224, for tons. 

Wine . . Cask. . . . . ,12 cwt. 

HAY, AND STRAW. 

1 load 36 trusses. 

1 truss of old Hay 56 pounds. 

1 load of do. do 18 hundred weight. 

1 truss of new Hay ...... 60 pounds. 

1 load of do. do 19 cwt. 32 lb. 

1 truss of Straw 36 pounds. 

1 load of do 11 cwt. 64 lb. 

1 cubic yard of New Hay weighs • . . 6 stone. 
1 Do. of Oldish do. . . 8 do. 

1 Do. of Old do. . . 9 do. 

Bvle for ascertaining the weight of Hay, 

Measure the length, and breadth of the stack ; then take its height 
from the ground to the eaves, and add to this last one-third of 
the height from the eaves to the top: Multiply the length by the 
breadth, and the product by the height, all expressed in feet; divide 
the amount by 27, to find the cubic yards, which multiply by the 
number of stones supposed to be in a cubic yai-d, and you have the 
weight in stones. ( Vide foregoing Table.) For example, suppose a stack 
to be 60 feet in length, 30 in breadth, 12 in height from the ground to 
the eaves, and 9 (the third of which is three) fromthftei\\««»\»^^\ss^\ 
then 60 X 30 X 1 5 = 27000 j 27000-*-'27 = \000 \ imi^ \Vi^^ Y.^ — ^^'^^ 
stones of old bay. 
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12 inches 

86 . . 

198 . . 

7920 . . 

63360 . . 



LONG MEASURE. 
Ifoot 

3 . . 1 yaid. 

16} . . 5} . . 

660 . .220 . , 



5280 



1760 



1 pole, peitih, or rod. 
40 . . 1 furlong. 
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8. . . 1 mile. 



LAND MEASURE {Length), 

7*92 inches 1 link. 

100 links, or 22 yards ... 1 chain. 

80 chains 1 mile. 

69*121 miles 1 geographical degree. 

LAND MEASURE {Surface, or Superficial). 
62 * 7264 square inches .... 1 square link. 



625 square links . 

10000 square links . 

2500 square links . 

10 square chains 

100000 squai-e links . 



1 square pole, or perch. 

1 square chain. 

1 square rood, or pole. 

I square acre. 

1 square acre. 



NAUTICAL MEASURE. 

1 nautical mile 6082*66 feet. 

3 miles 1 league. 

20 leagues 1 degree. 

360 degrees the earth's circumference. 



SQUARE MEASURE. 




144 s. inches 1 s. foot. 




1296 . . . 9 . . Is. yard. 




39204 . . 272 J. .30^. . 1 s. pole. 




15G8160 . .10890 . 1210 . . 40 . . 


1 rood. 


6272640 . .435G0 . 4840 . .160 . . 


4 . . 



1 acre. 

CUBIC MEASURE (Measure of solidity), 

1728 cubic inches .... 1 cubic foot. 
27 cubic feet 1 cubic yard. 

Note. — A. cubic foot is equal to 2200 cyliadrical inches, or 3300 spherical 
incbes, or 6600 conical inches. 

Timber, 

40 feet of round, and 50 feet of hewn timber make 1 Ton; 16 cubic 
feet make 1 Foot of wood ; 8 feet of wood make 1 Cord. 

Water, 
Maximum density 42 deg. Fahrenheit. 
1 cabic foot of water .... ^\\m^rlal ^lons. 

1 cjJindric foot do i\io\jX.t> ^^, 
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1 cubic foot . . • . 

1 cylindric do 

1 lineal do. (1 inch square) 
12*2 imperial gallons . 
224 do. . . 
1 • 8 cubic feet .... 
35-84 do 



weighs 62 • 5 lb. avoirdupois. 

do. 49-1 

do. -434 
weigh 1 cwt. 

do. 1 ton. 

do. 1 cwt. 

do. 1 ton. 



69 J cubic in. 
277i . . 
554J . . 
2218JL 



MEASURES OF CAPACITr 

2 pints 1 quart. 
.8.4.. 
16 . 8 . . 
64 . 32 . . 



lOJ cubic ft. 512 .256 



1 gallon. 

2 . . 1 peck. 
8 . . 4 . .1 bushel. 

64 . . 32 . .8.1 quarter. 



FRENCU MEASURES. 



Millilitre . 
Centilitre . 
Decilitre . 
Litre, or cubic deci- 
metre . 
Decalitre . 
Hectolitre . 
Kvlolitre . 



English 
cubic inches. 
•06103 
•61028 

6-10279 



61 
610' 
6102 
61027' 



02791 
27900 
79000 
90000 



Myrialitre. . 610279-00000 
1 litre is nearly 2J wine pints. 
1 kilolitre 1 tun 12f wine gallons. 
1 stere, or cubic metre . 35*3171 



Metre . 

„ French feet, 3 
Millimetre . 
Centimetre . 
Decimetre , 
Metre . 
Decametre . 
Hectometre 
Kilometre . 
Myriametre. 



07844 



3 

39 

393 

3937 

39370 

393707 



English 

feet 
3-281 

03937 
'39371 
'93708 
37079 
70790 
07900 
79000 
90000 



8 kilometres are nearly 5 miles. 

1 inch is - 0254 metre. 

100 feet are nearly 30*5 metres. 



FRENCH WEIGHTS. 
The gramvtu is the unit, equal to 15*44 GrainZt Trey measure. 



1 Milligramme = 
1 Centigramme = 
1 Decigramme = 
1 Gramme = 
1 Decagramme = 



0154 grain. 
10 milligrammes. 
10 centigrammes. 
10 decigrammes. 
10 grammes. 



19 tons, 16 cwt, 3 qrs., IS^lbs. 



1 Hectogramme = 10 decagrammes. 
1 Kil<^p:«mme = 10 hectogrammes. 
1 Myriagramme = 10 kili^prammes. 
1 Quintal = 10 myiiagrammes. 

1 Millier or bar = 100 qnintidB = 



Note. — ^The livre usnel = 500 grammes; the once =31*3 grammes = 
1 oz. If drs. ; the ponce = 2-77 centimetres; the pied =3*33 decimetres; 
the aune = 12 decimetres; the toise = 9 metres; the litron usnel = 62*46 
Ebgllsh cubic inches. Deca means 10 times, and Deci Xth of; hecto, 100 

times, and centi ^^th of; kilo, 1000 times, and mille ^i^ of; myria means 

10,000 times. 
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ARITHMETIC. 



REDUCTION. 



Reduction is the method of converting numhers from one name, or 
denomination to another: or the method of finding the value of a 
quantity in teims of some other higher, or lower quantity. 



To reduce from a higher to a lower denomination. 



Ruie. — Multiply the given 
number by as many of the lower 
denomination as make one of the 
greater;* adding to the product 
as many of the lower denomina- 
tion as are expressed in the given 
sum. 

♦ Vide Tables of Weights, and 
Measures. 



Example, — In £6 
how many pence ? 
£. a. 
6 
20 



155. hd,. 



15 



5 



135 
12 



1625 Answer, 



To convert from a lower to a higher denomination. 



Rule. — Divide the given num- 
ber by as many of the lower deno- 
mination as are required to make 
one of the greater.* Should theie 
be any remainder, it will be of 
the same denomination as the 
dividend. 

* Vide Tables of Weights, and 
Measures. 



Example. — Convert 1625 
pence into pounds, shillings, and 
pence. 

12) 1625 pence 



2/0) 13/5 5 



£6 15s. 5d. Answer. 



THE RULE OF THREE, OR SIMPLE PROPORTION. 

It is called the Rule of Three because three numbers are given to 
find a fourth. It is also called Simple Proportion, because the 1st 
term bears the same proportion to the 2nd, as the 3rd does to the 4th. 
Of the three given numbers, two of them are always of the same 
kind, or name, and are to be the 1st, and 2nd terms of the question ; 
the 3rd number is always of the same name, or kind as the 4th, or 
answer sought ; and in stating the question it is always to be nnade 
the 3rd term. If the answer will be greater than the 3id term, place 
the least of the other two given quantities for the 1st term ; but if the 
answer will be less than the 3rd term, put the greater of the two 
numbers, or quantities, for the 1st term. 

Rule, — State the question according to the above directions, and 
multiply the 2nd and 3rd tevms together, and divide this product by 
the 1st, for the 4th term, or ausviw soxi^^,. 
If the 1st and 2nd terms are liot ol \.\v<i swa^ 5L«iOTsw\i.^Naa\w^'CiM?i 
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must be reduced to it ; and if the third term is a compound number 
it must be reduced to its lowest denomination befoi'e the multiplication, 
or division of the teim takes place. 

Note 1. — The operation may frequently be considerably abridged, 
by dividing the 1st and 2nd, or the 1st and 3rd terms, by any number 
which will exactly divide them, afterwards using the quotients, instead 
of the numbers themselves.* 

Example. — If 2 tons of iron for ordnance cost j£40, how many tons 
may be bought for j£360 ? 

As £40 : £360 : : 2 tons : 18 tons. 
(Thus 360 X 2) -^ 40 = 18. The Answer. 

* Or thus 9 X 2 = 18. The Answer. 

Note 2. — A concise method of ascertaining the Annual amount of a 
daily sum of vmney. 

Rule. — Bring the daily sum into pence, and then add together as 
many potmds, half pounds, groats and pence, as there are pence in 
the daily sum, for the amount required. For leap year, add the mte 
for one day. 

Example. — Required the annual amount of 2s. Qd. per diem. 

2s. Qd, = SOd, 30 pounds . . . 

30 half pounds . 
30 groats 
30 pence .... 

Annual amount (365) days .... £45 12 6 

Note 3. — To find the amount of any number of days* pay, the daily 
rate (under twenty shillings) being given. 

The price of any article being given, the value of any number may 
be ascertained in a similar manner. 



£. 


s. 


d. 


30 








15 











10 








2 


6 



Rule 1. When the rate (or 
price) is an even number, multiply 
the given number by half of the 
late; double the fii'st figure to 
the right hand for the shillings, 
the remainder of the product will 
be pounds. 

liule 2. When the price is 
an odd number, find for the 
greatest number as before, to 
w^hich add one-twentieth of the 
given number for the odd shil- 
ling. 



Example. Required the amount 
of 243 days* pay, at 4«. per 
diem. 

J = 2 243 

2 



£48 12s. Answer. 
Example. What is the price of 
566 pairs of shoes, at 7s. per pair. 
566 2/0) 56/6 

3 

28 6 



169 16s. 
28 6 



\ 



£i^^ 1&. Ans\»eT. 
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FRACTIONS. 

A fraction is a quantity whidi expresseB a part, or parts of a unit, 
or integei'. It is deooted by two numbers placed with a line between 
them. 

A zimjple fraction consists of two numbers, called the numerator and 
denominator ; thus, 3 numerator. 

5 denominator. 

The Denominator is placed below the numerator, and expresses the 
number of equal parts into which the int^r is divided. 

The Numerator expresses the number of parts of the broken unit, or 
integer ; or shows how many of the pai*ts of the unit are expressed by 
a fiaction. 

A Compound fraction is a fraction of a fraction, as ] of |. 

A Mixed number consists of a whole number with a fraction annexed 
to it, as 4|. 

An Improper fradion has the numerator greater than the denomina- 
tor, as J. 

REDUCTION OF FRACTIONS 

is bringing them from one denomination to another. 

To reduce a fraction to its lowest terms. 
Rule. — Divide the numerator, and the denominator, by any number 
tliat exactly divides them, and the quotients by any other number, till 
they can be no longer divided by any whole number, when the fraction 
will be in its lowest terms. 

Example. — Reduce ^5| to its lowest terms. 

To reduce an improper fraction to a whole, or mixed number. 

Rule. — Divide the numerator by 
the denominator, the quotient will 
be the whole numbei*; and the 
remainder (if any) the numerator 
of the fraction, having the divisor 
for the denominator. 



Example. — Reduce ^* to a 
whole, or mixed number. 
12)114 

9^ Answer, 



To reduce a mixed number to an improper fraction. 



Rule. — Multiply the whole 
number by the denominator, and 
add the numerator to the product, 
under which place the given deno- 
minator. 



Example. — Reduce 17| to an 
improper fraction. 

8 



141 



Asftsxcer. 
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To reduce a compound fraction to a simple fraction. 

Rule, — Multiply all the numerators together for the numeratot, and 
all the denominators for the denominator. 

Example, — Reduce ] of ^ of | of 9 to a simple fraction. 
Nimierators 3x1x1x9 27 9 

= — = — Answer. 

Denominators 8x6x2x1 96 32 

To reduce fractions of different denominators to equivalent 
fractions, having a common denominator. 

Rule. — Multiply each numerator by all the denominators except its 
own for the new numerator, and multiply all the deuominators together, 
bringing them to a common denominator.* 

Example, — Reduce J, §, and \ to fractions, having a common deno- 
minator. 

3X3X5= 45 
2X8X5= 80 
4x8x3= 96 
8X3X5=120 Answer, ^*»j, ^Jj^, and ■^. 

ADDITION OF FRACTIONS. 

Rule. — Bring compound fi-actions to simple fractions ; reduce all the 
fractions to a common denominator, then add all the numerators 
together, and place their sum over the common denominator. When 
mixed numbers are given, find the sum of the fractions, to which add 
the whole numbers. 

Example, — Add together J, f , and 6J. 

3X6X2 = 36 lS+?i+?J+6 = 8A. 

1 X 6 X 4 = 24 or, by cancelling, and dividing, f 

6X4X2 = 48 li+ft+ft+6 = 8T^. Answer. 

SUBTRACTION OF FRACTIONS. 

Rule, — Prepare the quantities, as in addition of fi-actions. Place the 
less quantity under the greater. Subtract the lower numerator from 
the upper ; under the remainder write the common denominator, and, 
if there be whole numbers, find their difference as in pimple subtrac* 
tion. 

Example. — From 54| or 54§J 
Take 25^ or 25j 



29JJ or 29}. Answer, 



* In reducing fractions to a common denominator, and in multiplication of 
fractions, tbe work may be conMderably diminished by cancelling any flv^c«&^ 
which are in all the multiples; or by dividing a fk^vo^ Vcw «o«^ ^1 >i5tofa\\ri "Wsj 
figure which can divide all without any remaioiidet. 

t See Note, above. 
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MULTIPLICATION OF FRACTIONS. 

Rule. — Reduce mixed numbers to equivalent fractions; then 
multiply all the numerators together for a numerator, and all the 
denominators together for a denominator, which will give the prodact 
required. 

Example. — Multiply J, |, and 2J together, 
i X i X (2i or; J = J}. AnsKer. 

DIVISION OF FRACTIONS. 

Rule. — Prepare the fractions, as for multiplication ; then divide the 
numerator by the numerator, and the denominator by the denominator, 
if they will exactly divide ; but if they will not do so, then invert the 
terms of the divisor, and multiply the dividend by it, as in multiplica- 
tion. 

Example. — Divide -^ by 4J. 

■^^ -7- (4 J or) § = J. Answer, 

RULE OF THREE IN FRACTIONS. 

Rule. — State the teims, as directed in " Simple proportion ;" reduce 
them (if necessary) to improper, or simple fractions, and the tvco first 
to the same denominatioa. Then multiply together the second and 
third terms, and the first with its parts inverted, as in division, for tlie 
answer. 

Example. — If 4J cwt. of sugar cost £19J, how much may be bou<yht 
for £59| ? 

As 19^ : 59| : : 4J : 

Or, i|a : 171 . . y : 123. Answer. 

« V in V 21 — 80136 — 193 cwt 

DECIMALS. 

A decimal fraction is that which has for its denominator an unit (1% 
with as many ciphers annexed as the numerator has places ; and it is 
usually expressed by setting down the numerator only with a point 
before it, on the left hand. Thus, -^ is '5; fj^ is '25 ; -^ is '025 • 
ciphers h&Mgprefixed^ to make up as many places as are required by 
the ciphers in the denominator. 

A mixed number is made up of a whole number with some decimal 
fraction, the one being separated from the other by a point, thus 3 • 25 
is the same as 3^^^ or ^. 

Ciphers on the right hand of decimals make no alteration in their 
vaiue ; (or ' 5, * 50, • 500 are decimals having all the same value, each 
being = f^. But when ihey are ig\aee^oTv\aVkftM\.>M«A,\.W^ decrease 
the value in a tenfold propoYtiotv, t\vu%, -^ \^ ^s \iw.\.,'^t>\% ^, 



PART XIII.] DECIMALS. 327 

ADDITION OF DECIMALS, 

Bule. — Set the numbers under each other, according to the value of 
their places, in which state the decimal separating points will all stand 
exactly under each other. Then beginning at the right hand, add up 
all the columns of numbers as in integers, and point off as many places 
for decimals as are in the greatest number of decimal places in any of 
the lines that are added ; or place the point directly below all the other 
points. 

jE^arampfe.— Required the sum of 29*0146, 3146 '5, 14* 16, and 165. 



29- 


0146 


3146 


•5 


14' 


16 


165" 


> 



Answer 3354-6746 

SUBTRACTION OF DECIMALS. 

JRule. — Place the numbei-s under each other accoi-ding to the value of 
their places. Then, beginning at the right hand, subti-act as in whole 
numbers, and point off the decimals, as in addition. 

Uxample.—SuhtT&ct 4*90142 from 214*81. 

214-81 
4-90142 



-Answer 209-90858 

MULTIPLICATION OF DECIMALS. 

Bule. — Place the factors, and multiply them together, the same as if 
they were whole numbers. Then point off in the product just as many 
places of decimals as there are decimals in both the factors. But^ if 
there be not so many figures in the product, prefix ciphers to supply 
the deficiency.* 

^arampfe.— Multiply 32-108 by 2-5. 

32*108 
2-5 



160540 
64216 



SO' 2700 Answer. 



* 7b muUiply decimals by 1, with any number of ciphers, as 10, 100, ire— 
This is done by only removing the decimal point so many v^M»*l*xV3QKt Vr*^ 
right hand, as there are ciphers iu the mxdtipMw, oQii «vJX:^VBto«8» «5c^'s«.^'«x 
need be. 
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DIVISION OF DECIMALS. 

EiAle. — Divide as in whole numbers, and point off in the qnotient as 
many places for decimals as the decimal places in the dividoid exceed 
those in the divisor. When the decimal places of the quotieiit mre not 
so many as the above rule requires, the deficiency is to be supplied by 
prefixing cJphers. When there is a remainder after the divisioo, or 
when the decimal places in the divisor are more than those in the divi- 
dend, then ciphers may be annexed to the dividend, and the quotient 
carried on as far as required. 

-E^xampfe.— Divide 234*7052 by 64-25. 

64 -25)234 -7052(3 -65 Answer. 
19275 



41955 
38550 

34052 
32125 



1927 Remainder. 



REDUCTION OF DECIMALS. 
To reduce a vulgar fraction to its equivalent decimal, 

Jiule, — Divide the numerator by the denominator, as in Diviaon of 
Decimals, annexing ciphers to the numei-ator as far as necessaiy : and 
the quotient will be the decimal required. 

Example. — Reduce ^, to a decimal. 
24 = 4 X 6. Then 4)7* 



6)1-75 



-291666, kct Answer, 

To find the value of a denmal, in terms of the inferior 

denominations. 

Rule. — Multiply the decimal by the number of parts in the next 
lower denomination, and cut oflf as many places to the right hand for 
a remainder, as there are places in the given decimal. Multiply that 
remainder by the parts in the next lower denomination, again cutting 
off for another remainder as before. Proceed in the same manner 
through ail the parts of tVie mU^w *, \\vca. ^% ?,w«A ^'^"s^scainations, 
»eparated on the left hand, wiiV make \r^ V\vft «ttsw«. 
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Example, — ^What is the value of • 775 pounds sterling ? 

•775 
20 



Shillings 15-500 
12 



Pence 6*000 Answer 15s. &d. 

To convert integers^ or decimals, to equivalent decimals of 

higher denominations, 

Hule, — Divide by the number of parts in the next higher denomina- 
tion, continuing the operation to as many higher denominations as may 
be necessary. 

When there are several numbers, all to be converted to the decimal 
of the highest — 

Set the giyen numbers directly under each other for dividends, pro- 
ceeding from the lowest to the highest ; opposite to each dividend, on 
the left hand, place such a number for a divisor as will bring it to the 
next higher name. Begin at the uppermost, and perform all the 
divisions, placing the quotient of each division, as decimal parts, on 
the right hand of the dividend next below it ; so shall the last quotient 
be the decimal required. 

Example. — Convert 159. 9f(J. to the decunal of a pound sterling. 



4 
12 

20 



3- 

{♦•75 
15-8125 

£-790625 Answer. 



Example, — Convert 1 dwt. to the decimal of a pound, Ti*oy weight. 
20)1 

12)-05oz. 



-004166 lb., &c.. Answer. 



RULE OF THREE IN DECIMALS. 

Utile. — Prepare the teniis, by reducing the fractions to decimals; 
compound numbers to decimals of the higher denominations, or in- 
tegers of the lower; also the first, and second terms to the same 
name. Then multiply, and divide, as in tVi^^xA'^ ^si'lXvs^fc^NsjLNfftisSSfc 
numbers. 
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Example,^ If j of a yard of cloth cost £J, what will ^ of a yard 
cost? 

yd. yd. £. 1.4 

•3 = -375 As -375 : '3125 : : '4 : 'SSS Ac, or 6 8 

4 



I = -4 •375)- 12500 (-3333 &c 

1125 20 



^ = • 3215 12505. 6 • 666 &c 

1125 12 



Answer^ 6s, Sd. 125d. 7 ' 999 &c. nearly 8d. 

DUODECIMALS. 

By Duodecimals, artificers, &c, compute the content of their works. 
' ,^Ride, — Set down the two dimensions to be multiplied tc^ther one 
under the other, so that feet may stand under feet, inches under 
inches, &c 

Multiply each term in the multiplicand, beginning at the lowest, by 
the feet in the multiplier, and set the result of each straight under its 
corre."»ponding term, observing to carry 1 for every 12, from the inches 
to the feet. In like manner multiply all the multiplicand by the 
inches, and parts of the multiplier, and set the result of each teiTQ one 
place removed to the right hand of those in the multiplicand : omit- 
ting, however, what is below pai-ts of inches, only carrying to these 
the proper number of units from the lowest denominations. Or, instead 
of multiplying by the inches, take such part of the multiplicand as those 
are of a foot. 

Then add the two lines together for the content required. 

Example. — Multiply 14 feet 9 inches, by 4 feet 6 inches. 

ft. in. 
14 9 
4 6 



69 
7 4^ 



66 4 J Answer. 



INVOLUTION. 

Involution is the raising of powers from any given number, as a 
root. 
A Power is a quantity produced V)^ mvAW^XYvxi^^a^ ^'^^^Tvwwiber, 
called the Hoot, a certain numbev o£ Wmea to^xivoxw^i \ii \xa^^. 
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Thus, 2 x2=4, the 2nd power, or squai-e of 2, expressed thus, 22. 

The index, or exponent of a power is the number denoting the 
height, or degree of that power. 

Thus, 2 is the index of the 2nd power. 

Powers that are to be raised, are usually denoted by placing the 
index above the root, or fii-st power. 

Thus, 2*= 4, the second power of 2. 

Example, — What is the 2nd power of 45 ? 

45 X 45 = 2025 Answer, 



EVOLUTION. 

Evolution is the reverse of Involution, being the extracting, or finding 
the roots of any given powers, or numbers. 

The Root of any number, or power, is such a number as being 
multiplied into itself a certain number of times, will produce that 
power. 

Thus, 2 is the square root, or second root of 4, because, 2^ = 2 X 2 = 4 ; 
and 3 is the cube root, or third root of 27. But there are many 
numbers of which a proposed root can never be exactly found; 
by means of decimals, however, the root may be very nearly ascer- 
tained. 

Any power of a given number, or root, may be found exactly by 
multiplying the number continually into itself. 

Those roots which only approximate are called Surd roots; but 
those which can be found, quite exactly, are called Rational roots. 
Thus, the square root of 3 is a surd root, but the square root of 4 is a 
rational root, being equal to 2 ; also the cube root of 8 is rational, 
being equal to 2, but the cube root of 9 is surd, or irrational. Roots 
are sometimes denoted by writing the character ^ before the power 
with the index of the root against it. Thus, the 3rd, or cube root of 

20 is expressed by *^ 20. When the power is expressed by several 
numbers with the sign + or — between them, a line is drawn from 
the top of the sign over all the parts of it ; thus the cube (or third) 
root of 45 - 12 is ^ 45-^12 or thus ^ (45-12). 



TO EXTRACT THE SQUARE ROOT. 

Rule. — Divide the given number into periods of two figures each, 
by setting a point over the place of units, and another over the place 
of hundreds, and so on over every second figure, both to the left hand 
in integers, and right hand in decimals. Find the greatest square in 
the first period on the left hand, and set its root on the right hand of 
the given number, after the manner of the quotient figure in division. 
Subtract the square thus found from tVift «a!A ^yvq\, wi^ "va "^'fe 
remainder annex the two figures of tbe uwkt fe^<crw\xv% ^xvA ^^^ "»• 
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dividend. Doable * the root above mentioDed for a divisor, and find 
hovtr often it is contained in the said dividend, exdufdre of its rq^ 
hand figare; and set that quotient figure both in the quotient and 
divisor. Multiply the whole augmented divisor hj this last qootkot 
figure, and subtract the product from the said dividend, bringing down 
to it the next peiiod of the given number, for a new dividend. 
Kepeat the same process over again — viz., find another new divisor, by 
doubling all the figures now found in the root ; from which, and the 
last dividend find the next figure of the root as before ; and so oo 
through all the periods to the last. 

To extract the square root of a fraction, or mixed number » 
Reduce the fraction to a decimal, and extract its root. 
Mixed numbers may be either reduced to improper fiuctiens, and the 
root extracted; or the fraction may be reduced to a dedmal, then 
joined to the integer, and the root of the whole extracted. • 

Example, — ^To find the square root of 29506624 ; and !?• 3056. 

29506624 (5432 The Root. IT'SOSe (4*16 The Root 

25 16 



104 j 450 81 

4 416 1 



130 
81 



1083 
3 



3466 826 

3249 6 



4956 
4956 



10862 
2 



21724 
21724 



TO EXTRACT THE CUBE ROOT. 



Ride 1.' — By trials, or by the tabk of roots {vide page 334Y take 
the nearest rational cube to the given number, whether it be greatei*, 
or less, and call it the assumed cube. 

2.— Then {hy the Rule of Three), 

As the sum of the given number, and double the assumed cube, is 
to the sum of the assumed cube, and double the given number, so is 
the root of the assumed cube, to the root required, nearly. 

3. — Or, as the first sum, 

is to the difference of the given, and assumed cube, 

so is the assumed root, 

to the difference of the roots, nearly. 



* The best way of doubling the root to form the new di\isor. Is by adding 
the ISLSt figure always to the Last divit^or, as appears in the following example. 
After the figures bflongmg lo t\\e %\\v\\ w\xTD\it\ axe all exhausted, the 
operation may be continued iuto dec\vu«L\&,\>>} adA\vv% mvj uMssJovix v>\ ^^ev^Aa. Qt 
ciphers, two in each period. 
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4. — Again, by using, in like manner, the cube of the root last found 
as a new assumed cube, another root will be obtained still neai'er. 
Kepeat this operation as often as necessaiy, using always the cube of 
the last-found root, for the assumed root. 

Example, — To find the cube root of 21035 '8. 

By trials it will be found first, that the root lies between 20, and 
30; and, secondly, between 27, and 28. Taking, therefore, 27, its 
cube is 19683, which will be the assumed cube. Then by No. 2 of 
the Rule, 

19683 21035-8 
2 2 



39366 42071-6 
21035-8 19683- 



As 60401-8 : 61754*6 :: 27: 27-6047 the Root, neai-ly. 

Again, for a second operation, the cube of this root is 
21035-318645155832, and the process by No. 3 of the Rule wUl be 
21035*318645, &c, 
2 



42070-637290 21035-8 
21085-8 21035-318645, &c. 



As 63106-43729 : diff. -481355 : : 27-6047 : 

: the diff. -000210560 



consequently the root required is 27-604910560 



E<tUAR>£, CUBES, AKD E00T5. [piXT Xlll. 

TABLE OF SQUARES, CUBES, AND ROOTS. 



So. Gqr. I Calx. Bqr. rool. Uah 



. Sqr. Cnlie. Eqr.root C 



ij ISDIIEl I-61Er;3I 3 

]| Henooi T-fMMCT a 

L 33SW1 I-BISMH I 

il 3>siB i-sTMon a 

1 ai(433 B'Uaiia t 



1 4ll3(>3a «*S8g|SM 



I-3H331 
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PILING OF SHOT, AND SHELL. 

Shot, and shells, are usually piled in horizontal courses, the base 
being either an equilateral triangle, a square, or a rectangle. The tri- 
angular, and square piles terminate each in u single ball, but the rect- 
angular pile finishes in a row of balls. 

To find the number of balls in a complete pile, 

little. — Add the three parallel edges together ; then the product of 
one-third of that sum, and of the number of balls in the triangulai' face, 
will be the number sought. 

Note 1. — The parallel edges in a rectangular pile are the two rows 
iu length at the base, and the upper ridge. In the square pile the same, 
except that the upper row is only a single ball. In the triangular pile, 
one side of the base, the single ball at top, and that at the back, are 
considered the parallel edges. 

Note 2. — The number of halls in the triangular face is found by- 
multiplying half the number in the breadth at the base, by the number 
in the breadth at the base plus 1 , 

Note 3. — In all piles, the breadth of the bottom is equal to the 
number of courses. In the oblong pile the top row is one more than 
the difference between the length, and breadth of the bottom. 

Example, — To find the shot in a Triangular pile, the bottom row 
consisting of 12 shot. 



iS. 


Parallel 
edges. 


12 
1 
1 




^ 


^ 

I 


12-i-2= 6 
12+1 = 13 


1 


V 

3)14 


Triaagular face 78 

4§ 




4i 


312 
52 










Answer 364 



Example, — To find the shot in a Square pile, the bottom row con- 
sisting of 12 shot. 

12 12-^2= 6 
12 12+1 = 13 
1 




3)25 



78 

624 
26 



Ansuer '^'^^ 
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Example, — To iind the shot in an Oblong pile^ whose base oonsistoof 
18 shot in length, and 12 in breadth. 



18-12 = 6 
1 




18 

18 

7 

3)43 



12-4-2=: 6 

12 + 1 = 13 




Ansufer 1118 



The number of balls in a Pile may be found by using the following 
formulse, in which let the letter (L) denote the number in the bottom 
row, or the Length ; and (B) the Breadth of the lowest course. 

Triangular pile Lx(L+l)X(L+2) 

6 
LX(L+1)X(2L+1) 



Square pile 
Oblong pile 



BX(B+1)X(3L+1-B) 
6 



By referring to the following Table, the number of Shot in any Pile 
(whose base does not exceed 21) may readily be ascertained. 

Square pile. — Look for the number of shot in the base, in the first 
vertical column on the left hand, and also in the diagonal column ; and 
at their angle of meeting will be found the content required. 

Thus, 20 base gives 2870. 

Triangular pile. — Look for the number in the base row in the 
diagonal column, and opposite to it will be found the content. 

Thus, 18 base gives 1140. 

Oblong pile, — Look for the number in the length of the base in the 
vertical column, and the breadth of the base in the diagonal column and 
at their angle of meeting will be found the content required. 

Thus, 17 length, and 12 breadth, gives 1040. 

To find the number of balls in an Incomplete pile. — Compute the 
oumberin the pile considered as complete ; also the number in the upper 
pile, or part wanting *, aud the dVftftYCTvcfe \«\w%^w \.W two piles thus 
&UDd will be the iiuin\)ev in lV\e ku&Vvim, ov \uwav^V\ft ^^^. 



PART Xlll.] 



PILING OF SHOT, 



337 






o 
in 



o 



^ 



O 



a o 



O 
CO 
CO 



00 



CO 

o 



2 § S 



(M 

CO 
(N 



CD It^ iA 00 f^ 

J-; »-< 00 CO 55 
00 I t*» as Q 



ci 



Oi 
CO 



o ico CO g GO ^ 

<* 1^ ® CO S o 

CO I "«*< CO r- crs 

I rH I— -H i-H 



fco 






lO Q O 

-H ^ CO 

C^ CO 



O S ° CO 
CO t^ 00 O) 



»o 1^ ifs o \n 
»2 l*^ •=; 0^ <N 

"* I O 1— C>l 



O >o Q >n O 
CO CO ^ "tj« »ft 
CO -^ »ft CO r^ 



^ .CO o>o»-ic<icO'«i<if5cor^ 

O|i-i.-<f-tO0500t>?C0»P 



Cw 



00 O) 



(N CO -(f 



s 



CO |(N Q 



00 

CO S 



(N Q 00 CO "^ C>l 
CO "^ f-i o» t>. »o 
^ O i-t i-< C^ CO 





s 


;:: ? 




S 


s 


o 


i 


s 


00 
CO 


^ g 


CO 

<o 




(N 


u 


% m 


S 


*^ 


t>. 


o6 


04 


o> 


o 


1— < 

1— 1 


1-^ 


»ft 


1® 


» ^ 


D »ft 


g 


»2 


O 


la 


o 


irt 


s 


kn 


o 


CO 


1-^ 


TO •^ 


H 0> 


o 


CO 


t^ 


r^ 


">» 


CO 


Oi 


1— < 


1 


r '«*< 


kfd 


CO 


CO 


t>. 


*^ 


00 


00 


OS 


OS 



o 

C>1 



OS m 

00 



tn o >A o o 

»>» (N CO i-< »f5 
CO tJJ ^ »ft »o 



. Tj* OS 

CO CO CO 



»ft 






CO (N 00 



I ol c>i « en 



(N 00 1^ 



^ O CO 

«^ 00 c^ iA OS c>i CO 
CO CO -^ "* "^ »o »o 



8 '^ 

CO 



01 

00 

CO 



CO 



00 CO '^t ^ O 00 

CO OS 04 m OQ Q 

i-< i-< rH (N (N 5l CO 



? 



■^ Oi o 

CO OS c^ 

CO CO -"^ 



CO 



CO 



COi-<C>ICOTj«iO«Ot*QOOQi-<04eO"^ 
OSi— CO»Ot*OSi-iW»ftOOQ(N'^C© 



00 
CO 



o 



»ft 



»ftt>.ooo>-<e5^cot>-^oo5coift 



kA Q 

CO 00 

C>1 (N 






»f5 
OS 



C I-* 



eo-^Scot^S^Of^cNeS^iftcor^wOT 



ICO^fOCOOlOO »tQcp'N00'*QcC(N00^Ocoa< 
«-<(N(Ncoeo■^»?5«ococo^•ooooososOl-<l-'C^ 
rH i-H ^^ ^p«. 



C»l«OOOi-«H»t*OeOCOOS(MtfiCO»-*'^t^ 
^- fi7 « Tf *0 CO 






*a o* ^sv 
vEi >ci *a 



338 CORDAGE. CHAINS. [PAET XIU. 

CORDAGE. 

Ropes, cables^ and all other desciiptions of cordage are distingnislied 
by their ciicumference ; thus a two-inch rope means a rope two iuches 
in circumference. 

1. To find the weight of a rope. 

First method, — Multiply the length in fathoms by the square of 
the circumference, and divide the product by 480 for the weight ia 
cwts. 

Example. — Required the weight of 110 fathoms of 3-inch rope. 

3X3X110 = 990, which divided by 480, gives 2 cwt. 7 lb. Weight 
required. 

Second method, — Divide the square of the circumference by 4, ihe 
quotient will give the weight, in pounds, per fathom. 

Example, — What is the weight of a 3-inch rope per fathom ? 
32-i-4 = 2 J lb. Weight required. 

2. To find the strength of a rope, or the weight it xcill support. 
First method, — Pquare the circumference, and divide by 5, for the 

number of tons which it will bear suspended from it.* 

Example, — What weight will 3-inch rope of the best descnption 
support ? 

3X3 

5 = § = 1 j ton, or 4030 lb. Weight required. 

Second method. — Multiply the square of the ciicumference by 2, the 
product will give the practical weight in cirts. that may be lifted bv it, 
or about half the breaking weight. 

Example. — What number of cwts. may be lifted by a 3-inch 
rope ? 

3^ X 2 = 1 8 cwt. Weight required. 
The strain, in pounds, a rope will bear safely = girt^ x 200 ) 

„ „ a cable „ „ = girta x 1 20 / '^®''^^''^ 

CHAINS. 

1. To find the weight of chains. 

The square of the diameter of the link, measured in eighths of inches, 
will give the weight of the chain, per fathom, in pounds. 

Example,— -Wh&t is the weight per fathom of a j-inch chain ? 

|-inch = I ; 6* = 36 lb. Weight per fathom . 

Or, the weights per foot of the chain, multiplied by 24, will give 
the weight per fathom of the chain, nearly, A chain cable with a st;iy 
across the links will weigh about one-twelfth more than the foregoing 
examples, 

* Tliit nUe it only appltcablf to IKe xera ^je**- '«MxdA'«ve« wt^aq^, t*« cir- 
cumference squared i/ionld be ditndcdby ^ ituUoA oj ^ Jw tivt dttetx^vm. ^ 
rope genetaJUAf employed. 
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2, To find the weight that may be safely lifted by a chain. 

Divide the square of the diameter of the links, taken in eighths of an 
inch by 8, and the quotient will give the number of tons that may bo 
lifted by the chain. 

Example, — What number of tons will a chain made of |-inch iron 

carry with safety ? 

36 
i-inch = 5 6«=36 — = 4} tons. Weight required. 

8 

I%e safe strain is equal to about 8 tons, per square inch, of the 
iron of which the chain is made. 

The stay across the link cf a chain increases its strength about one- 
sixth. 

When the chain is of great length, a deduction, from the above 
rules, must be allowed for the weight of it. 

IRON RODS. 

1. To find the weight of round iron rods. 

Divide the square of the diameter, in quarter inches, by 2, and the 
quotient will give the weight in pounds, per yard. 

Example, — What is the weight of a yard of 1-inch round iron ? 
1 inch = 4 quarters 4*= 16 • — = 8 lb. Weight required. 

2. To find the weight of square rods. 

The weight of round rods, of similar diameter, divided by • 7854 
will give the weight of the square rods. 

3. To find the weight that may be sustained, in' lifted by round iron 
rods. 

Find the weight in pounds, per yard ; two-thirds of which will give 
the safe load, in tons. 

A round iron rod of average quality of iron, one inch in diameter, 
will be toiTi asunder by 16 tons; it will be perceptibly damage* 1 by 
half this sti-ain, or 8 tons ; its Kafe load will be one-third, or 5 * u3 
tons. 

4. Ih reduce cubic feet of wrought iron into tons. 

The cubic feet multiplied by 1*5, divided by 7 = Tons. 
One foot of 1-inch square wrought iron weighs 3*33 lb. 
„ „ round „ „ 2*61 lb. 

Girders, weight of. 

Wrought iron, weighing 480 pounds per cubic foot. 

The sectional area, in inches, multiplied by the length in feet divided 
by 672 = weight in tons. 

The sectional area in inches multiplied by 10 = >!<re\^K\^ ^^ \siiii^\sv 
pounds, per yard. 

Ibr cast iron, (/educt one tweutietVi, 
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TIMBER. 

1. To find the area, or superficial content of a plank* 
Multiply the leugth by the mean breadth.* 

Example, — Required tlie content of a board whose leugth is 11 feet 
2 inches, and breadth 1 foot 10 inches, 
ft iu. ft. in. ft. In. 
11 2 X 1 10 = 20 5. Content required. 

2. To find the solid content of squared, or four-sided timber. 
Multiply the mean breadth by the mean thickness, and the product 

by the leugth, for the content, nearly. 

Note 1. — If the tree taper regularly from the one end to the bther, 
either take the mean bieadth, and thickness in the middle, or take the 
dimensions at the two ends, and half their sum will be the mean dimen- 
sions ; which, multiplied by the above rule, will give the content, nearly. 

Note 2. — If the piece do not taper regularly, take several different 
dimensions, add them all together, and divide their sum by the number 
of them, for the mean dimensions. 

Examide, — Required the content of a piece of timber 16 &et long, 
and side of square 14 inches. 

ft. in. ft. in. ft. ft fau 

1 2X1 2 X 10 = 21 9. Content required. 

3. To find the solidity of round, or unsquared timber, 

1. Multiply the square of the quarter girt (or the square of J of the 
mean circumfeieuce^, by the length, for the content. 

Note. — When the tree is tapeiinir, take the mean dimensions, either 
by girting it in the midJle for the mean girt, or at the two ends, taking 
half the sum of the two ; or by girting it in sevejal places, then addnio- 
all the girts together, and diviiling the sum by the number of them for 
the mean girt liut when the tree is very irregular, divide it iLto 
several lengths, and find the content of each part separately. 

^ojam/?/^.— Required the content of a tree, whose mean girt is 
3-15 feet, and leng'th 14 J feet. 

2^= -7875 -7875 X '7875 = -62015625 lU = 14-5 
4 ** 

•62015 X 14- 5 = 8 -9922 feet of solid timber. The content re- 
qr.ired. 

2. Find the moan area of a round tree, and multiply it by the 
length for the content. 

4. To find the weight of a tree. 

Kind its content iu feet, and multiply that by the specific gravity of 
the wood. 
( Vide GRAViTy, and Table of Specific Gravities, P, 353.) 



' * When the board is tapervn^, aAOi \\\e \iTtaAv\\s aX v\\ft v«q «^^ ^^v^ther, and 
tnke hair the sum for the mean bTeaOilU. Or dsc, Wia Cxvi \asiai^.\ix^>i^^ia,XJ,^^^ 
middle. 



Examjie. — Rpquired the weight of aD elm trw, whow 
) feet, and lecglh 60 feet. 

) = 1-25 1-25 X 1-35 = 1-5625. 

1-5625 X 60 = 93-75. Content in feet. 



m 



•{S 



PuoMDO i ^'1? " • ■ ■ ■ 

tarrison, wo.^ wnmioi nalidl 

OlIMtluI, CT^ 



or™.Trimsie(j3 ; 



[^"fSuiilpf™"!"^} 



l^irtftble for^, and pucW tiadille, In woodijn c 
Wiggoni J Piaillinn ' 1 ■.'.!'. X * 1 






342 TONNAGE. [part XHI. 

The calculation of tonnage for baggi^ stores, &c.y is by measnre- 
Tnfiit: a Ton, consisting of 40 cubic feet; but metaltfy and Tery 
heavy articles are estimated by actual weight; without reference to bulk. 

To ascertain the tonnage of sailing Vessels, the hold bemg dear. 

Rule, — Divide the length of the upper deck, between the afterpart 
of the stem, and the foi'epart of the stempost, into six equal parts. 

Depths, — At the foremost, the middle, and the aftermost of tkoae 
points of division, measure in feet, and decimal (WLrts of a foot, the 
depth from the under side of the upper deck to the ceiling at the 
limber strake. In the case of a break in the upper deck, the d^thi 
ai-e to be measured from a line stretched in a continuati<m of the deck. 

Breadths, — Divide each of those thi-ee depths into five equal parts, 
and measure the inside brea<lths at the following points — viz., at one- 
fifth, and at four-fifths from the upper deck of the foremost, and after- 
most depths, and at two-fifths, and four-fiflhs from the upper deck <^ 
the midship depth. 

Length. — At half the midship depth, measure the length of the 
vessel from the afterpart of the stem to the forepart of the stempost ; 
then to twice the midship depth add the foremost, and the aftermost 
depths for the sum of the depths ; add together the upper, and lower 
breaiths at the foremost division, three times the upper breadth, and 
the lower breadth at the midship division, and the upper, and twice 
the lower breadth at the after division, for the sum of the breadths: 
then multiply the sum of the depths by the sum of the breadths, and 
this product by the length, and divide the final product by 3500, 
which will give the number of tons for i-egister. 

If the vessel have a poop, or half deck, or a break in the upper 
deck, measure the inside mean length, breadth, and height of such part 
thereof as may be included within the bulk-head ; multiply these three 
measurements together, and dividing the product by 92*4, the quotient 
will be the number of tons to be added to the result as above found. 

1 n order to ascertain the tonnage of open vessels, the depths are to 
be measured from the upper edge of the upper strake. 

To ascertain the tonnage of Steam-vessels, 
Rule, — ^In addition to the foregoing rules, when applied for the 
purpose of ascertaining the tonnage of any ship or vessel propelled by 
steam, the tonnage due to the cubical content of the engine-room 
must be deducted from the total tonnage of the vessel, as determined 
by either of the rules aforesaid, and the remainder will be the true 
register tonnage of the said ship or vessel. 

To determine the tonnage due to the cubical content of the 

Engine-room^ 

Rule. — Measure the inside length of the engine-room in feet and 

decimul parts of a foot, from tVv^ foremost to the aftermost bulk- 

head, then multiply the 8a\<\ \eTi?^\v \>^ v\v^ ^^\XV ^1 vW ship or 

vettsel at the midship d\v\s\oiv aa aioTe4«:\^, ^\v\ >^'i \it^xx^\. \f^ Si^^ 

mside breadth of the same divmou a\. \.vco-?vI>l\v^ qI ^^ ^^^"Cc. t^^^^ 
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deck, taken aforesaid, and divide the last product by 92*4, and the quo- 
tient will be the tonnage due to the cubical content of the eiigiue-room. 

To ascertain the tonnage of Vessels when laden, ' 

Rvie. — ^Measure, first, the length on the upper deck between the 
aftei-part of the stem, and the fore-part of the stern-post ; secondly^ 
the inside breadth on the under side of the upper deck, at the middle 
point of the length ; and, thirdly, the depth from the under side of 
the upper deck down the pump-well to the sink ; multiply these 
three dimensions together, and divide the product by 130, and the 
quotient will be the amount of the register tonnage of such ships. 

MECHANICS. 

Mechanics is the science of forces, and the effects they produce 
when applied to machines in the motion of bodies. 

Machine, or engine, is any mechanical instrument contrived to move 
bodies. 

Equilibrium is an equality of action, or force, between two or more 
powei-s, or weights, acting against each other, by which they destroy 
each other's effects, and remain at rest. 

The centre of motion is the fixed point about which a body moves. 

The axis of motion is the fixed line about which it moves. 

The centre of gravity is a certain point on which a body (being 
freely suspended) will rest in any position. 

T/ie whole momentum, or quantity of force of a moving body, is the 
result of the quantity of matter multiplied by the velocity with which 
it is moved. 

THE MKCHANICAL POWERS. 

Power is compounded of the weight, or expulsive force of a moving 
body, multiplied into its velocity. 

The power of a body, which weighs 40 lb., and moves with the 
velocity of 50 feet in a second, is the same as that of another body 
which weighs 80 lb., and moves with the velocity of 25 feet in a 
second : for the products of the respective weights, and velocities are 
the same. 

40 X 50 = 2000 ; and 80 X 25 = 2000. 

Power cannot be increased by mechanical means. 

Power is applied to mechanical purposes — 

1 . By the lever ; 4. By the inclined plane ; 

2. By the wheel, and axle ; 5. By the wedge ; 

3. By the pulley ; 6. By the screw : 

which are the simple elements of all machines. 

The whole theoiy of these elements consists t»imply in causing the 
weight, which is to be iTused, to pass through a greater or a less space 
than the power which raises it ; for, as power is compounded of the 
weight or mass of a moving body, mult\^V\«d. \w\ft '\\& n^qc^jj, vv. 
weight passing through a certain space may Vk maAft \o wMifc^'^^"^'^^ 
Jess space, a weight heavier tbaa itself. 
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the lever. 

The lever is the most Mmple of all machinw, being onlj a straight 
bar of iron, wood, &c., supported on, and moveable round a prop^ 
allied the fukntm, 

' Case 1. — When the fulcrum of the leyer is between the power, aud 
the weight. 

Rule, — Divide the weight to be raised by tbe power to be applied; 
the quotient will give the difference of leverage necessary to siippoii 
the weight in equilibnum. Hence a small addition either of leveiage, 
or weight, will cause the power to preponderate. 

Example 1. — A ball weighing 3 tons is to be raised by 4 men, who 
can exeii a force of 12 cwt. : required the proportionate length of levei*? 

3 tons = 60 cwt. ; and f} =■ 5. 

In this example, the piopurtionate lengths of the lever to maintain 
the weight in equilibrium, are as 5 to 1. If, therefore, an additional 
]>ound be added to the power, the power side of the lever will pre- 
ponderate, aud the weight will be niised. But, although the ball is 
laised by a force of only one-fifth of its weight, no power is gained, 
for the weight passes through only one-fifth ('f the space. The pro- 
ducts, therefoie, arising from the multiplication of the respective 
weights, and velocities are the s^me. 

Example 2. — A weight of 1 ton is to be raised with a lever 8 feet 
in length, by a man who can exert, for a short tim*», a force of rather 
more than 4 cwt, ; required at what part of the lever the fulcrum must 
be placed ? 

20 cwt. 

. = 5 ; that is, the weight is to the power as 5 to I, there- 

4 cwt. 

8 
fore, = 1 foot aud a third, from the weight. Distance requiretl. 

Example 3. — A weight of 40 lb. is placed 1 foot from the fulcrum of 
a lever ; required the power to raise the same, when the length of the 
lever on the other side of the flilcrum is 5 feet ? 

40X1 „ ,, , 

= 8 lb. Ans, 

5 

Case 2. — When the fulcrum is at one extremity of the lever ^ and the 
power at the other. 

Rule, — As the distance between the power, and the fulcrum is to 
the distance between the weight, and the fulcrum, so is the effect to the 
power. 

Example 1. — Required the power necessary to raise 120 lb., when 
the weight is placed 6 feet from the power, and 2 feet from the 
fulcrum ? 

As 8 ; 2 : ; \1^ \ ^^ W Aiw, 

EjBom^ 2.— A beam, 20 fe«t m \fttv^>c^, wcv\ ^xv^y^xV^ >6\. x^^^ 
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ends, bears a weight of 2 tons at the distance of eight feet from one 
end ; required the weight on each support ? 

40cwt. XSfeet ,^ , .,_ . . i. .v . /. xr. 

: =16 cwt. on the support that is furthest from the 

20 feet ^^ 

40 Xl2 
weight ; and — - — - = 24 cwt. on the support nearest to the weight. 

° * 20 feet ^^ ^ 

Case 3. — When the weight to be raised is at one end of the lever, 
the fulcrum at the other , and the power is applied between them. 

Rule. — As the distance between the power, and the fulcrum, is to 
the length of the lever, so is the weight, to the power. 

Example, — The length of the lever being 8 feet, and the weight at 
its extremity 60 lb„ required the power to be applied 6 feet from the 
fulcrum to raise it ? 

As 6 : 8 : : 60 : 80 lb. Ans, 

Velocity is gained at the expense of power by the lever, and wheel 
and axle, • 

Note 1.— When two men are carrying a load on a pole between them, the 
strongest man should have the weight placed nearer to him than the other man. 

Note 2.— To carry guns, <ftc. — If the burden can be carried by four men ; af »er 

having made it fast to the middle of a lai^e lever, fix the extremities of this 

lever o'n two shorter levers, and place a man at each of the points, C, D, E, F. 

Videplatet Mechanics, Fig. 1. In Fig 2, the weight is equally divided between 

eight men, and in Fig. 3, between sixteen men. 

THE WHEEL, AND AXLE. 

The advantage gained is in proportion as the circumference of the 
wheel exceeds that of the axle ; therefore, the larger the wheel, and 
the smaller the axle, the stronger is the piwer of this machine, but 
then the weight will rise proportionately slower. A winch may be 
used instead of a wheel, for in turning the winch the hand will describe 
a circle, and there is no difference in the result, whether an entire wheel 
be turned, or a single spoke which the winch as a lever represents. 

Rule, — As the radius of the wheel is to the radius of the axle, so is 
the effect, to the power. 

Example. — A weight of 50 lb. is exerted on the periphery of a 

wheel, whose radius is 10 feet; required the weight raised at the 

extremity of a cord wound round the axle, the radius being 20 

inches. 

50 lb. X 10 feet X 12 inches ^^„ , 

■ ^ . . =300 lb. Ans, 

20 mches 

THE PULLEY. 

TTie pulley consists of a grooved wheel, called a sheave, moveable 
on an axis, or gudgeon, and enclosed in a frame, or case, called a block. 
By passing a cord over the pulley, a man will be enabled to draw 
up a weight equal to that which his owa bod^ a,\\Y^^^ '^^ -^xi^wNfli 
downwards*. . ^^^ 

^y combining a number of pulleys^ as many «&s\sVa5\\» «t^ ^J«i\»x»> 
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as there are wheels : thus, two pulleys will have doalile the power of 
one, because half the weiglit is sustained by the frame to which one 
end of the cord ia attached ; but then it requires double the time to do 
the work. As the friction of the pulley is very great, particular 
attention must be paid that all the turns or kinks of a rope be taken 
out, before it is made use of, and it should enter easily into the grooTes 
of the s .eaves. 

RtUe, — Divide the weight to be itused by twice the number of pul- 
leys in the lower block ; the quotient will give the power necessary to 
raise the weight. 

Example. — What power is required to raise 600 lb., when the lower 
block contains six pulleys ? 

600 „ , 

= 50 lb. Ans, 

6x2 

COMBINATION OF PULLEYS. 

A leading block is a fixed pulley, which altei*s the direction of the 
power, but does not increase it : Power = Weight, On account of 
friction the power must exceed the weight a little, in order to raise it. 

Vide plate f Mechanics, Fig. 1. 

A whip is one moveable pulley, which increases the power without 
altering the direction. 

Power = ^ weight (or 2 to 1). — Vide Fig, 2. 

A whip upon whip will afford the same purchase as a tackle having 
a single and double block, and with much less friction. 

A gun tackle consists of two single blocks with fall fixed to the 
one, then rove through the other, and then through the first. 
Power = J weight (or 2 to 1): or Power = j weight (or 3 to 1). 
Vide Fig. 3, and 4. 

Two double blocks are'generally used for very heavy guns. 

A luff tackle, or half watch tackle, consists of one double and one 
sinu;le block : the fall is fixed to the single, then rove through first 
shetwe of the double, then through sheave of single, and lastly through 
second sheave of double block. Power = \ weight (3 to 1) : or 
Power = \ weight (4 to 1). Vide Fig, 5, and 6. 

A runner tackle is the same as a luff tackle applied to the end of a 
large rope, called a runner, which is rove through a single block 
attached to a fixed point, or to a body that is to be moved, or raised : 
the standing end of the runner being secured to anothei' point. 

Power is either 6 to 1, or 7 to 1, or 8 to 1. 

A gyn tackle consists of one triple and one double block : the fall 

is fixed to the double, then rove through first sheave of triple, then 

through first sheave of double, then through second sheave of triple, 

then through second sheave of double, and lastly through third sheave 

of triple block. 

Power =s \ weight (^5 to ly, ot Vo\<^t ::^\>«^\^\. <^6 to 1). 

Vide Fia 7 
le themoveable block o£ a UcUe \>^ s\.v«^^ v^v^V ^ \si^,\\.s^ ^^^ 
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a taily or jigger block: and the tackle a toiV, or jigger tackle : a block 
with a hook strapped to it, and attached to a selvage, answers the same 
purpose. 

Two double blocks, with fell fixed to one of them, and then rove 
through the sheaves of both blocks, will either give Power = J weight 
(4 to 1): or Power = J weight (5 to 1). Fig. 8. 

Ttco triple blocks, with fall lixed to one of them, then rove through 
sheaves of both blocks, will either give power = ^ weight (6 to 1) : or 
Power — li weight (7 to 1). Fig. 9. 

In the system of pulleys {vide plate, Mechanics) the Power is shown 
at the hooks of the moveable blocks, which are to be applied to the 
bodies, or weights, requiring to be moved, or raised. The strain is 
also shown at the fixed blocks. 

In Fig, 3, there are three parts of the rope engaged in supporting 
the weight — viz,, the parts marked 1, 1, 1. Each of them, hence, 
sustains one-third of it, and the fall of the rope to which the power is 
to be attached requires the Power = 1, if weight = 3. The same 
principle of calculation is applicable to all systems of pulleys having 
one fixed block, any number of moveable wheels, and a single rop€ 
over all the wheels. Hence, in such a system of pulleys, gravity 
being applied, there will be an equilibrium, when the weight is as 
mimy times the power as there are portions of the rope employed in 
sustaining the weight. For example, in a system consisting of six 
moveable sheaves, the same rope going over them all^ there will be 
12 portions of the rope engaged ; and to produce an equilibrium the 
power must be equivalent to -^ the weight, no allowance being made 
for friction. 

From the foregoing obseiTations, and by refei*ring to the plate, it 
will be seen that each tackle has two applications, differing in power 
one from the other; for example, if the double block of a lufif tackle is 
fixed to a weight to be moved, and the single block to a picket, or other 
fastening. Fig. 6, then if one man haul ou the fell, the power oi four 
men will be applied to the weight (4 to 1), and the power of three 
m^n to the picket ; but if the double block be fixed to the picket, Fig, 5, 
and the single block to the weight, then the force of only three m£n 
will be applied to the weight (3 to 1), and a power of four men to the 
picket, or fastening. 

When the moveable block of one tackle is fixed to the fall of another 
tackle, their respective powers are to be multiplied into each other for 
the power of the combination : thus, if one luff tackle is fixed to the 
fall of another luff tackle (the double blocks of both tackles being 
moveable), the power will be 4 X 4 = 16 (16 to 1) ; in this, the men 
haul through 16 feet to move the weight one foot; therefore if the 
combination be increased until the men haul through 100 feet to move 
the weight one foot, then the power would be 100 to 1, 

The foregoing powers are, however, only true in theory^ and «x^^ 
therefore, called theoretical powers : for oV\i\^ \» ^iSaa ^^^ ^Yv^^Cwsa. <:R. 
the pulleys, the stiffness of the ropes, &c., lYve afclvw^ iproxAxooX 'e^5^>^ 
are far less; so much so, that with a com\Anal\oii ^Vva% ^v«« ^'^ *«* 
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to 1 y a 24-pr. (2} tons weight) snspmded, can scarcely oreiiiaal the 
M\, the friction being so very great. 

THE INCLINED PLANE. 

The inclined plane forms simply a gradual and sloping instead of a 
sudden and perpendicular ascent, by which heavy bodies may be raised 
to certain heights. The power necessary for raising a weight depends 
on the difference between the length oi the plane, and the height to be 
ascended. If the height be one-third of the length, then one ponnd 
will litl three pounds. The force with which a rolling body desc«ids 
on an inclined plane, is to" the force of its absolute gravity, as the 
height of the plane, is to its length. 

Parbuckling a gun on skids unites the advantage of one moveable 
pulley with that of the inclined plane. 

Rule. — As the length of the plane, is to its height, so is the weight, 
to the power. 

Example. — Required the power necessary to raise 540 lb. tip an 
inclined plane, five feet long, and two feet high. 

As 5 : 2 : : 540 ; 216 lb. Ans, 

THE WEDGE. 

The wedge may be considered as two equally inclined planes joined 
together at their bases. It has a great advantage over all the other 
powers, arising from the force of percussion, or blow, with which the 
baclc is struck ; which is a force incomparably greater than any dead 
weight, or pressure, such as is employed in other machines. The 
largest masses of timber may by this means be riven, and vessels of 
war, weighing many thousand tons, are lifted from their supports by 
the power of a few men, exerted by blows of mallets on wedges inserted 
for that purpose. 

The power of the wedge increases in proportion as its angle is acute. 
In tools intended for cutting wood the angle is commoul}' about 3u° ; 
for iron from 50° to 6U° ; and for brass from 80° to 90°. 

Case 1. — When two bodies are forced from one another, hy means 
of a wedge, in a direction parallel to its back, 

Eule, — As the length of the wedge is to half its back, or head, so is 
the resistance, to the power. 

Example. — ^The breadth of the back, or head of the wedge, being 
3 inches, and the length of either of its inclined sides 10 inches, 
required the power necessary to separate two substances, with a force 
of 150 lb. 

As 10 : 1^ : : 150 : 22^ lb. Ans. 

Case 2. — When only one of the bodies is moveable. 
Rule. — As the length of the wedge, is to its back, or head, so is the 
resistance, to the power. 
Example. — ^The bveadt\\, W^tVv, v«A ^w^^, >2wi ^^xwb ^ in the last 

example. 

Ai 10 : 3 : : 150 : 45 \b. Ans. 
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THE SCREW. 

The screw is a spiral thread or groove cut rouud a cylinder, and 
everywhere nnaking the same angle with the length of it. The force ot 
a power applied to turn a screw round is to the force with which it 
pi esses upwai'd, or downward, setting aside the friction, as the distance 
between two threads is to the drcumfeienoe where the power is applied ; 
or the advantage gained is as much as the circumference of a circle 
described by the handle of the winch exceeds the inteival, or distance, 
between the spirals of the screw. Hence the force of any machine 
turned by a screw can readily be computed ; for instance, in a press 
driven by a screw, whose threads aie each a quarter of an inch asunder, 
and with a handle, to turn the screw, four feet long; then, if the 
natural force of a man, by which he can lift, pull, or draw, be 1 5U lb., 
and it is required to determine with what force the screw will press 
when the m<iu turns the handle with his whole force ; the diameter of 
the handle (power) being 4 feet, or 48 inches, its circumference is 
48 X 3 * 1416, or 1 50J nearly ; and the distance of the threads being one- 
fourth of an inch, therefore the power is to the pressure as 1 to 
(150| X 4) = 603^, but the power is equal to 150 lb., therefore as 
i : 603J : : 150 : 90480, and consequently the pressure is equal to a 
weight of 90480 lb. independent of friction. 

COMPOUND MACHINES. 

Though each of the mechanical powers is capable of overcoming the 
greatest possible resistance in theory, yet in practice, if used singly for 
producing very great effects, they would frequently be so unwieldy and 
unmanageable as to render it impossible to apply them. For this 
reason it is generally found more advantageous to combine them to- 
gether, by which means the power is more easily applied, and many 
other advantages are obtained. In all the mechanical powers, and their 
combinations, and in all machines, simple as well as compound, v}?Mt is 
gained in power is lost m timef or velocity ; and vice versdy or in other 
words, the product of the power, and the space through which it moves, 
is equal to the product of the weight, and the space through which it 
moves in the same plane. Suppose that a man, by means of a fixed 
pulley, raises a beam to the top of a house in two minutes, it is clear 
that he will be able to raise six beams in twelve minutes ; but by means 
of a tackle with three lower pulleys, he will raise the six beams at once 
with the s^me ease as he befoie raised one, but then he will be six times 
as long about it, that is, twelve minutes : thus the work is performed 
in the same time whether the mechanical power is used, or not. But 
the convenience gained by the power is very great ; for if the six beams 
are joined in one, they may he raised by the tackle, though it would 
be impossible to move them by the unassisted strength of one man. Kq 
real gain of force is obtained by mechanical eoxitm«ac»&\ wv^^ wsa.- 
trary, from frlctioD and other causes, foYCft \« «\vi«b^* \^\.\\iv>N' '"^l 
jnachines a more con veoieut direction cau \>tt ^\"v«a. V^i ^^ \aoN>K>s|» 
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power, and so modify its energy as to obtain effects which it ooalii not 
otherwise produce. 

FRICTION. 

Friction arises from the imegularities of the surfiEuieB which more 
upon one another. The Hurfaces of bodies of the same nature are moni 
with more facility over each other than those of a dissimilar natoKi 
In proportion as the surfaces which are to be moved upon one another 
are rough, a greater force is requisite to produce motion. The same 
surfaces when under a greater pressure, are subject to still further 
friction. A double pressure doubles the amount of friction, a tr^le 
pressure trebles, and so on in neaily the same propoition. When snr- 
£Etces are moving along each other hi the direction of their grains, the 
friction is greater than when the direction of the grains is at rbbt 
angles. Fiiction is little influenced by the velocity with which bodies 
move upon one another. Friction may be diminished in Tarious wayvi 
as will appear by the result of the following experiment with a block 
of square htone weighing 1080 lb. : — 

1. In order to drag this stone along the floor of a qnarrT lb. 

roughly chiselled, it requii-ed a force equal to. . ', 758 

2. Over a floor of planks, ditto g52 

3. Place'l on a platform of wood, and dragged over a floor of 

planks 605 

4. After so.'ipjng the two surfaces of wood, which slide over 

each other jgo 

5. Placed on rollers of three inches diameter, and moved along 

the floor of the quarry 34 

6. To drag it on these rollers over a woocien floor • . . 28 

7. Mounted on a wooden platform, and the same rollers placed 

between the platform, and a plank floor .... 22 

One of the most remarkable instances of the application of rollers is 
the transport of the rock which now serves as the pedestal of the eques- 
trian statue of Peter the Great at St. Petersburg. This rock is a single 
block of granite weighing 1217 tons. A railway was formed, consibting 
of two lines of timber, furnished with hard metal grooves ; similar and 
corresponding metal grooves were fixed to the under side of the sledge, 
or frame, on which the stone was laid, and between these gi-ooves were 
placed spheres of hard brass, about six inches in diameter. On these 
spheres the frame with its enormous load was easily moved by sixty 
men working at capstans with tnple purchase blocks. 

UNGUENTS. 

Mr. G. Rennie found, from a. mean of experiments, with different 

unguents, on axles in motion, and under different pressures, that, with 

the unguent taWow under a p\e^%Mre of from 1 to 5 cwt., the friction 

did not exceed ^th of iVie viYioVe w%&svm^\ ^\v«l wfSv. w«j^ was applied, 

it became JAh : and w\tK V\ie w>i^Y wv^^uvTsXa vji^^A^v^^^^, ks\;^m^* 

lard, &c., the ratio of the incl\ou Yo \Xv^ ^t^^^«^ v^^^x^^^^\s^^^O 
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the harder unguents as soft soap, tallow, and anti-attrition composition, 
the friction considerably diminished ; con.sequently, to render an unguent 
of proper efficiency, the nature of the unguent must be measured by 
the pressme, or weight, tending to force the surfaces together. 

TRANSVERSE STRENGTH OF MATERIALS. 

When a beam, of any material, is loaded, the surface in contact with 
the load is compressed, and the opposite surface extended; and there ii 
a line between these, which is neither compressed, nor extended, called 
the neutral line. 

If the depth of a beam be doubledf the breadth, and length between 
supports remaining the same, its strength will be increased four times^ 

If its breadth be doubled, the other dimensions being as above, it^ 
strength will be doubled. 

By increasing the distance between the supports of any beam, Itg 
strength is decreajicd in the same ratio ; twice the distance between the 
supports will weaken the beam one half; half the distance between the 
supports will enable it to bear twice the load.* 

The same beam will bear twice the load, if, instead of being concen- 
trated in the middle, it be equally distributed over the whole length of 
the beam. 

If the load on a beam be placed near to one of the supports, instead 
of in the middle, its effect will decrease in the ratio of its proximity to 
the support. 

Let 8 s represent the beam, W the load or weight in the middle, w 
the weight near s ; thai the load which the beam will carry at the 
point where w is placed will be found by the following proportion : — 

AsSwXw s : S WxW s: : W:w. 

A beam, fixed at one end, and loaded at the other, will bear half the 
weight of one of the same length supported at each end. 

If the end of a beam, instead of being only supported, be fixed, its 
strength will be in the proportion of 3 to 2. 

From the foregoing results it will be seen that the strength of a 
rectangular beam varies, as the bieadth multiplied by the depth squared, 

divided by the length, — - — ; and if the breaking weight of any ma- 
terial, 1 inch square, and 1 foot long, be found, it will represent a 
constant multiplier for the above equation. 

Thus the breaking weight of a beam of Riga fir, 1 inch square, and 
1 foot long (vide flawing table), is *164 of a ton ; and to find the 
breaking weight of a beam of any other dimensions, the rule is simply 

bd« 
W=-— X -164. 



* To itrengOun a 1)eaM, Ae., uMch is rtquired to wipptrri a grtoX M:«^ii^ w!«( 
a cavity, or ditch. Place a prop^ ot sbott akMi» wdAcc \i« afew"c» ^1 ^^^'vSTSa. 
and pdtis a strong rope, or chain, over the \)Qani \«eTi%illaw«kV^» mA \»^Kt >»* «esa.^ 
JuulJng it very %bt, and making fast. 
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Example. — What will be the breaking weight of a beam of Rigpi fir, 
8 iuches broad, 12 inches deep, and 20 ieet long? 

8 X 12« 

— — — = 57-6 57-6 X '164 = 9*44 ton«, breaking weight 

Table of constants, for beams of different materiaU, being the braak- 
ing weights of sudi beams, 1 inch squaie, and 1 foot long. 



Riga fir . 
Red pine 
Pitch pine 
Bet-ch 
Elm . . 
Ash . 



164 of a ton. 
'199 



'242 
231 
150 

•301 



»» 

tf 
»> 
t* 



From the forgoing rules 



English oak . 
Canadian do. 
Dantzic do. 
Teak . . 
Cast iron, mean 
Wrought do. 

Length = — 



*248ofatoD. 

•261 

•219 

•366 
1-000 
1-083 



n 

M 

tt 



Breadth 



, Depth 



1 W 

d3 



X constant. 



X constant. 




X constant. 



T?ie practical weight that a beam will caiTy voith safety^ perma- 
nently, should only be taken at one-fourth of the above computations. 

A'ote.— Result of experiments made by Mr. Annan, ship-builder, at Bor* 
deaux, to ascertain the strength of mahogany, as compared with French oak, 
and teak. 

A piece of each kind of wood, about four inches square, was placed across 
the macbiiie used for proving chain cables, and a piece of chain was attached 
tu a ring fixed in the centre of it. A strain being laid un, the oak broke under 
a force of 1,«00 kilogrammes (about 3,960 lb.); the teak with that of 3,300 
(about 7,260 lb.) ; and the Honduras mahogany of 3,400 (about 7.4801b.). The 
o:ik and teak appeared as if crushed, but without a complete disjunctiojaof the 
fibres; the mdhoguny showed long splinters, imlicatinga much longer grain or 
fibre thou the others. 

ADHESION OF NAILS, AND SCREWS. 

The percussive force required to drive the common sixpenny nail 

(73 to the pound) to the depth of an inch and a half into deal, with a 

weight of six pounds and a quarter, is four blows, or strokes, falling 

freely the space of one foot ; and the steady pressure to produce tlie 

same effect is four hundred pounds. A sixpenny nail driven into diT 

elm to the depth of one inch across the gmin requires a force of 327 

pounds to extract it; and the same nail, driven into the same wood 

endways, or longitudinally, can be exti-acted with a force of 257 ponud.s. 

To extract a sixpenny nail from a depth of one inch out of dry oak 

requires 507 pounds, and out of dry beech 667 pounds. A sixpenny 

naiJ driven two inches mlo dx'Y o«k would require a steady force of 

more than half a ton to extr«LCt W. 

A cofnmon screw of one-^^tVi ol Mi W^ ^\«TCtfi.\.«\a& ^ja, v^sv^v^^ 
force of about three times tWt o« ^ Axv^v^^^l ^^^^» 
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GRAVITY. 

Gravity is downward pressure, or weight, being the natural tendency 
of all bodies towards the centre of the earth. ( Vide Gravity, Motion, 
Forces. Page 356.) 

Absolute gravity denotes the whole force with which a body tends 
downwards, as when the body is in empty space. 

Specific gravity denotes tlie relative or comparative gravity of any 
body, in respect to that of another body of equal bulk, or magnitude. 

Centre of gravity is that point in a body, or system of bodies, on 
which, if rested, or suspended, the whole would remain in a state of 
equilibrium about that point. 

The centre of gravity of a circle, regular polygon, prism, cylinder, 
or sphere, is in its centre. 

The centre of gravity of a triangle is found by bisecting any two of 
its sides, and drawing lines from the points of bisection to the opposite 
angles ; the intersection of these lines will be the centre of gravity. 

Force of gravity y or gravitation, is an accelerated velocity, which 
bodies acquire in falling freely from a state of rest. 

1. The space through which a body will fall in feet, in any given 

time equals the product of the square of the time multiplied by 
16-0833. 

Example, — Requii'ed the space a falling body will pass through in 
five seconds? 

16-0833x25=402-0825 feet. 

2. The velocity in feet, which a body in descending freely will 

acquire in a given time, equals the product of the time in seconds 
multiplied by 32 •1666. 

Example, — ^What is the velocity acquired at the end of seven 
seconds? 

32-1666x7 = 225- 1662 feet. 

8. The velocity in feet per second that a body will acquire, in falling 
through a given space, equals the square root of the product of 
the time multiplied by 64-3333. 

Example, — ^The space through which a body has fallen is 201 feet ; 
required its velocity at the end of the fall ? 

V64:- 3333x201 = Vl2931 nearly = 1137 feet. 

SPECIFIC GRAVITIES OP SEVERAL SOLID, AND FLUID BODIES. 

Air,* in a mean state 1«232 Brick 2000 

Brass, cast . . . 8000 Coal* 1250 



* 3 Inch cube full of air floats 1 lb. in water. 
3 inch cube of water weighs 1 lb. in air. 
1 cubic foot of water wei^ 64 lb. in air. 
1 ditto coal ditto 80 ~ 64 = 16 lu'wtAjn. 

1 ditto sand ditto W - ft4 = aiVu ^«.\Kt. 
A salt of clothes and a pair of boots, wYi\c\i we!k%Yx 1)X>. Ssi «ix» '^"^skg. ^«^ 
saturated with water, only weigh la water l\b. 
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Copper 9000 

Cork 240 

Clay 2160 

Earthy common . . . 1984 

Flint 2570 

Gold, standard . . . 18888 

Gun metal .... 8784 

Gunpowder — solid . . 1745 

„ loose . . 868 

Granite 3000 

Iron, cast 7425 

Lead 11325 

Pitch 1150 

Sand* 1520 



Silrer, standard 
Steel . . . 
Stone, common 
Tin . . . 
Water, rain , 



Wood — alder . 

ash, the trank . 
beech . . , 
elm, and larch 
fir, Riga^ & maple 
pine, pitch & r»l 
oak ... , 
walnut . 



105S5 
7850 
2520 
7330 
1000 
1030 
800 
845 
852 
540 
750 
600 
950 
671 



As a cubic foot of water weighs 1000 ounces avoirdupois the num- 
bers, in the above Table, express not only the specific gravities of the 
several bodies, but also the weight of a cubic foot of each, in av<»idii- 
pois ounces; and therefore, by proportion, the weight of any other 
quantity, or the quantity of any other weight may be found. 

To find the Magnitude of any body from its toeight, 
Ar the tabular specific gravity of the hody 

is to its weight, in avoirdupois ounces ; 
so is one cubic foot (or 1728 cubic inches) 
to its content in feet, or inches, respectively. 

To find the Weight of a hody, from its magnitude. 
As one cubic foot (1728 cubic inches) 

is to the content of a body ; 
so is its tabular specific gravity 
to the weight of the body. 

To find the Specific gravity of a hody, 
1. — When the hody is heavier than icater. 

Weigh it both in water, and out of water, and take the difference: 
Then, — ^As the weight lost in water 

is to the whole, or absolute weight ; 
so is the specific gravity of water 
to the specific gravity of the body. 

2. — WJien the hody is lighter than water, so that it will not sink 
annex to it another body heavier than water, so that the mass com' 
pounded of the two may sink together. Weigh the denser body and 
the compound mass separately, both in water, and out of it ; then find 
how much each loses in water, by subtracting its weight in water 
fj'om its weight in air \ and subtract the less of these remainders from 
the greater. 



* BeeTio\£,^«^<&%%. 
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Then, — As the last remainder 

is to the weight of the light hody in air ; 
60 is the specific gravity of water 
to the specific gravity of the body. 

3. — For a Fluid of any sort. 

Take a piece of a body of known specific gravity, weigh it both in, 
and out of the fluid, finding the loss of weight by taking the difference 
of the two: — 

Then, — As the whole, or absolute weight 
is to the loss of weight ; 
so is the specific gravity of the solid 
to the specific gravity of the fluid. 

To find the Quantities of two ingredients in a gioen compound. 

Take the three differences of every pair of the three specific gravities, 
namely, the specific gravities of the compound, and each ingredient, 
and multiply each specific gravity by the difference of the other two : 

Then, — As the greatest product 

is to the whole weight of the compound ; 
so is each of the other two products 
to the weights of the two ingredients. 

To find the Diameter of any small sphere, or globule, whose specific 
gravity is given [or can be found in the Table) and weight known. 

Divide its weight in grains by the number expressing its specific 
gravity ; extract the cube root of this quotient, and multiply it by 
1 '9612 for the diameter. 



WEIGHT OF A CUBIC FOOT OF THE FOLLOWING MATERIALS, 

in pounds. 



Ash ... . 
Beech .... 
Bii-ch .... 
Box .... 
Cork .... 
Elm .... 
Fir .... 
Mahogany, Spanish 
Pine, red . 
Teak .... 
Walnut . . . 
Coke .... 
Clav .... 
Earth, loose • 



49 
43 
49 
60 
15 
36 
30 
50 
41 
41 
41 
46 
125 
95 



Gravel • 
Granite • 
Brick, common 
Chalk . . . 
Coal, Newcastle 
Antimony 
Brass, cast 
Copper 
Gold, pure 
Iron, cast, variable 
Lead . 

Silver, standard 
Tin . . . 



120 
166 

98 
146 

78 
418 
525 
538 
1203 
444 
717 
644 
455 



By means of the foregoing table, iVve we\^\i\. o^ «k^ q^msdJCM ^^ "^'^ 
jnateriala speciBed (in cubic feet) may xeaAiiVy \)^ fovxsA. 
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MOTION, FORCES, ho. 

Body is ihe mass, or quantity of matter in any material sabstanoe, 
and it is always proportional to its weight, or gravi^, whatever its 
figure may be. 

Density a the proportional weight, or quanUty of matter in any 
body. 

Velocity, or celerity, is an afiPection of motion by which a body 
passes over a certain space in a certain time. 

Momentum^ or quantity of motion, is the power, or ibroe, ia moying 
bodies. 

Force is a power exerted on a body to more it, or. to stop it. If 
the force act constantly, it is a permanent force, like pressure, or the 
force of gravity ; but if it act instantaneously, or for an imperceptibly 
short time, it is called impulse, or percussion, like the snoart Uow of a 
hammer. 

A motive, or moving force, is the power of an agtnt to prodooe 
motion. 

Accelerative, or retardative force, is that which affects the velocity 
only, or it is that by which the velocity is accelerated, or retarded. 

The change, <»: alteration of motion by any external force, is alwap 
proportional to that force, and in the direction of the right line in 
which it acts. 

If a body be projected in free space, either parallel to the honzon, 
or in an oblique direction, by the force of gunpowder, or any other 
impulse: it will, by this motion, in conjunction with the action of 
gravity, describe the curve line of a parabola. 

A parabola is the section formed by cutting a cone, with ft plane, 
parallel to the side of the cone. 

Gravity {vide page 353) is a force of such a nature that all bodies, 
whether light, or heavy, fall perpendicularly through equal spaces in 
the same time, abstracting the resistance of the air ; as lead, and a 
feather; which, in an exhausted receiver, fall from the top to the 
bottom in the sanoe time. The velocities acquired by descending, are 
in the exact proportion of the times of descent, and the spaces descended 
are proportional to the squares of the times, and, therefore, to the 
squares of the velocities. Hence, then, it follows that the weights 
or gravities of bodies near the surface of the earth are proportional to 
the quantities of matter contained in them ; and that the spaces, times, 
and velocities generated by gravity, have the relations contained in the 
three general propoilions before laid down. 

A body in the latitude of London &lls nearly 16^ feet in the first 
second of time, and consequently, at the end of that time, it has 
acquired a velocity double, or of 32J feet. 

The times being as the velocities, and the spaces as the squares of 
either; therefore, 

if the times be as tVve li^oa. l,'i,^,4,^,^,l,'ii>,^,\^\ 
' ihe velocities will also bei!al,'i,^,^»^»^>'^>'^»'^A'^\ 



2 


3 4, 


&c. 


64J 


961 128^ 


&c. 


64i 


144J 257i, 


&c. 


48} 


80A 1124, 


&c. 
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and the spaces as their squares 1, 4, 9, 16, 25, 36, 49, 64, 81, 100; 
and the spaces for each time, 1, 3, 5, 7, 9, 11, 13, 15, 17, 19. 

Namely, as the series of the odd numbers, which are the differences 
of the squares denoting the whole spaces. So that if the first series 
of natural numbers be seconds of time, 

namely, the times in seconds . . 1 

the velocities in feet will be . . 32^ 

the spaces in the whole times . . 16j^ 

and the space for each second . . 16^ 

of which spaces the common difference is 32| feet, the natural, and 
obvious measure of the force of gravity. 

Thus, a body falling from a state of rest acquires a velocity to 
pass through 9 spaces in the 6flh second of time ; 7 in the fourth ; 
5 in the third; 3 in the second; and 1 in the first. Thus it is 
9 + 7 + 5 + 3 + 1 = 25, which shows that the whole spaces passed 
through in 5 seconds equal the square of 5. 

The momentum^ or force, of a body falling through the atmosphere 
is the mass, or weight, multiplied by the square root of the height it 
has fallen through, multiplied by 8*021. 

Suppose a weight of 10 tons to be raised 9 feet, and to drop thence 
suddenly on abridge; the momentum islOX(3x8*021)= 240*63 
tons. That is, a weight of 10 tons, so falling, would exert as great a 
btrain to break down the biidge, as tlie pressure of 240*63 tons of dead 
weight. 

Thus, a one-ounce ball falling from a height of 400 feet, would 
strike the earth with a momentum of 

oz. feet. oz. Ih. 

1 X (20 X 8«021) = 160-42 = 10-026, 

By experiments to ascertain the efiect of Carnot's vertical fire, it 
was found that 4-oz. balls only penetrated ^ of an inch into deal board, 
and from 2 to 3 inches into meadow ground. 

Amplitude signifies the range of a projectile, or the right line upon 
the ground, subtending the curvilinear path in which it moves. 

The time of flight of different shot and shells is equal to the time a 
heavy body takes to descend freely from the highest point described by 
the curve of the projectile. 

To find the Time of descent .- 

Divide the given height, or altitude, by 16^ and the square root of 
the quotient will be the time required. Thus, if the altitude is 1200 
feet, and the time of descent is required, 

1200 -s- 16^ = 74 -61, the square root of whidi is 8 * 637, the time 
required. 

When a body is projected vertically dowfwards with a given velocity, 
the space described is equal to the time multiplied by the velocity ^ 
together witli the product of 16^ by the ft^uax^ oi VXs* \asE»fc\>2s^>^^ 
the body is projected uptoards, the latter i^xoducX. mMsX. \3» «v^'«»kX»^ 
^om the former. 
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PRACTICAL GEOMETRY. 

DEPINITIONS.* 

A line is perpendicular to another when it inclines not more on the 
one side than on the other, the angles on both sides being equaL 

Parallel lines are those which have no inclination to each other^ 
being everywhere equi-distant, however far produced, or eztoided. 

An an fie is the inclination, or opening of two lines which meet in a 
point called the vertex, or angular point : and the two lines are called 
the legs, or sides of the angle. 

The measure of an angle is estimated by the number of degrees con- 
tained in the arc between its two legs. 

A rectilinear angle has its legs, or sides, right, or straight lines, 

A curvilinear angle has its legs curves. 

A right angle is formed by one line perpendicular to another; the 
measure of which is an arc of 90°. 

An acute angle is less than a right angle, or than 90^. 

An obtuse angle is greater than a right angle. 

An oblique angle may be either acute, or obtuse. 

The circumference, or periphery of a circle is the curved line which 
bounds it, being everywhere equally distant fifom the centre. The 
circumference is supposed to be divided into 360 degi*ees (marked 
thus °) ; each degree into 60 minutes, each minute (') into 60 
seconds ("). 

An arc is any part of the circumference of a circle. 

A chord, or subtense, is a right line joining the extremities of an 
arc. 

The radius of a circle is a right line drawn from the centre to the 
circumrerence. 

The diameter of a circle is a right line drawn through the centre, 
and terminated by the circumference. 

A semi-circle (180°) is that pai-t of a circle, which is contained 
between the diameter, and half the circumference. 

A quadrant is the fourth pait of a circle, being contained between 
two mdii, and an arc of 90°. 

A segment is that part of a circle which is cut oflf by a chord. 

A sector is that part of a circle contained between two radii, and an 
arc. 

A secant is a line which cuts a circle, lying partly within and 
partly without it. 

A tangent is a line which touches a circle, or curve witliout 
cutting it. ' • 

Thejpoint of contact is where a tangent touches an aic. 

Triangles are figures having three sides, and three angles. 

An equilateral triangle has its three sides equal. 

An isosceles triangle h»& only two equal sides. 

A scalene triangle has a\\ \ta a\^ca \viiftn^as\, 

A rectangular f or right-angled tr\ai(\gXe\ia& wv^ ^l\\& «M^«i ^^.^t 

« YiOt alto D^mitioiw— T^^^Q^^^^^'^.'ft*®^^'^^- 
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one, or 90^ ; and the square of the side opposite the right angle is 
equal to the sum of the squares of the sides containing that angle ; 
hence a triangle, having its sides proportional to the numbers 3, 4, 5, 
will be right-angled. 

The hypothenuse is the side opposite the right angle in a rectangular- 
triangle. 

An obtuse-angled triangle has one of its angles obtuse. 

An acute-angled triangle has all its angles acute. 

The three angles of any triangle, taken togethei-, are equal to two 
right angles, or 180°. 

The difference of the squares of two sides of a triangle is equal to 
the product of their sum, and difference. 

Tfie sides of a triangle are proportional to the sines of their opposite 
angles. 

Quadrangles, or quadrilaterals are plane figures bounded by four 
right lines. 

A square is a quadrilateral having all its sides equal, and all its 
angles right an(;les. The diagonal of a square is equal to the square 
root of twice the square of its sides ; and the side of the square is 
equal to the square root of half the square of its diagonal. 

The diagonal is a right line drawn across a quadrilateral figure, 
from one angle to another. The sum of the squares of the two dia- 
gonals of every pai'allelogram is equal to the sum of the squares of the 
four sides. 

A parallelogram is a quadrilateral, whose opposite sides are parallel. 

A rectangle is a parallelogram having four right angles. 

A rhomboid is an oblique-angled parallelogram. 

A rhombus, or lozenge, is a quadrilateral, whose sides are all equal, 
but its angles oblique. 

A trapezium is a quadrilateral, which has none of its sides parallel 
to each other. 

A trapezoid is a quadrilateral, which has only two of its sides 
parallel. 

Polygons are plane figures bounded by more than four sides. 

A regular polygon has all its sides, and angles equal. 

The perimeter of a figure is the sum of all its sides. 

To bisect — is to divide into two equal parts. 

To trisect — is to divide into thiee equal parts. 

To inscribe — is to draw one figure within another, so that all the 
angles of the inner figure touch either the angles, sides, or planes of 
the external figure. 

To circumscribe — ^is to draw a figure round another, so that ^ther 
the angles, sides, or planes of the circumscribing figure touch all the 
angles of the figure within it. 

LINES, ANGLES, AND FIGUBES. 

To divide a given right line into two equal parts. 
From the extremities of the line as cetvUea, mA -wVCq. «k^ cv®^^^^'^ 
the compasses, greater than half the gvxea Viw^«&«.^».^'^»^'''*^''^ 
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arcs intersectiDg each other above, and below the given line. A Use 

being drawn through these intersectioni will divide the giv«i line into 

two eqoal parts. 

An arc of a circle is bisected in the same manner. 

To erect a perpendicular. 

From the point A set off any length 4 times to c : from A as s 
centre with 3 of those parts describe an arc at B, and from c with 5 
of them cut the arc at b. Draw A B, which will be the perpendicular 
required. Any equimultiples of these numbers, 3, 4, 5, may be used 
for erecting a perpendicular. Plate 2, Heights and Distances, and 
Pe ACTIO AL Geometry, Fig. J. 

To erect a perpendicular. 

Set off on each side of the point A, any two equal distances, A D, 
A E. From D, and E as centres, and with any radius greater than 
half D E, describe two arcs intersecting each other in F. Through A, 
and F ditiw the line A F, and it will be the perpendicular required. 

Fig, 1. — Plate, Practical Geometry. 

To let fall a perpendicular. 

From D as a centre, and with any radius, describe an arc intersectiDg 
the given line. From the points of intersection C, and E, with any 
radius greater than half, describe two aix», cutting each other at P. 
Through d, and F draw a line, and D F will be the perpendicular 
required. Fig, 2. 

To draw a line parallel to a given line. 

From any point d in the given line with the radius D c, describe 
the arc C e, and from c with the same radius describe the are D F. 
Take E c, and set it off from D to F. Through C, and F di-aw o F for 
the parallel required. Fig, 3. 

To divide an angle into two equal parts. 

From B as a centre with any radius describe an arc A c. From A, 
and c with any radius describe arcs intersecting each other in D. Then 
draw B D, and it will bisect the angle. Fig, 4. 

To divide a right angle into three equal parts. 

From B as a centre with any radius describe the arc A c. From A 
with the radius a B cut the arc A C in D, and with the same radius 
from C cut it in E. Then through the intersections D, and E draw 
the lines B D, B E, and they will tiisect, or divide the angle into three 
equal parts. Fig. 5. 

To find the centre of a circle. 

Draw any chord x b, axi^\Aswit\\.\i^ ^^ ^r^wdvcular o d. Divide 
C D into two equal varts, and tVwi ^voJt ^i \xsswdwso. ^ >w^ \»^ \Sift 

centre required. Fig. 6. 
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To describe an equilateral triangle, 

From the points A, B, as centres, and with a B as radius, describe 
arcs intersecting each other in c. Draw A, o B, and the figure A B 
will be the triangle required. Fig, 7. 

To describe a square. 

From the point B, draw B perpendicular, and equal to A B. On 
A, and C, with the radius A B, describe arcs cutting each other in D. 
Draw the lines d A, D c, and the figure A B D will be the square re- 
quired. Fig, 8. 

To inscribe a square in a circle. 

Draw the diameters a B, C D perpendicular to each other. Then 
draw the lines A D, a C,»b d, b c ; and A BC D will be the square re- 
quired. Fig, 9. 

To inscribe an octagon in a circle. 

Bisect any two arcs A c, B C of the square A B c d in a, and E. 
Through the points G, and E, and the centre O draw lines, which pro- 
duce to F, and u. Join A F, F o, D H, &c., and they will form the 
octagon required. Fig. 9. 

On a line to describe all the several polygons, from the hexagon to the 

dodecagon. 

Bisect A B by the perpendicular c o. From A as a centre, and with 
AB as a radius, describe the arc BE, which divide into six equal 
parts ; and from E as a centre describe the arcs 5 F, 4 a, 3 H, &c. 
Then from the intersection E as a centre, and with £ a as a radius, 
describe the circle A i D B, which will contain A B six times. From F 
in like manner as a centre, and with F A as radius, describe the circle 
A K L B, which will contain a b seyen times ; and so on for the other 
polygons. Fig, 10. 

To inscribe in a circle an equilateral triangle. 

From any point D in the circumference as a centre, and with the 
radius D o of the given circle, describe an arc A o B cutting the cir- 
cumference in A, and B. Through D, and O draw D c. Then, join 
AB, AC, BO; and the figure ABO will be the triangle requii'ed. 
Fig, 11. 

To ifiscribe a hexagon in a circle. 

Bisect the arcs A 0, B o in E, and F, and join ad, d b, b f, &c., 
which will form the hexagon. Or carry the radius six times round ' 
the circumference, and the hexagon will be obtained. Fig. 11. 

To inscribe a dodecagon in a circle. 

Bisect the ai'c A D of the hexagon m Q>, wa^ K <^ \5««i% ^asrc*^ 
twelve times round the clrcamfeieiiQe, \»\\\ iotm ^icA \Qft«R»su8«i>. 
^^. 11. 
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To inscribe a pentagon, hexagon, or deoagon, in a circle. 

Draw the diameter A B, and make the radius D o perpendicular to 
A B. Bisect D B in £. From E as a centre, and with E o as radius, 
describe an arc cutting A D in F. Join F, which will be the side of 
the pentagon, c d that of the hexagon, and D f that of the decagon. 
Fig, 12. 

To find the angles at the centre, and circumference of a regular 

polygon. 

Divide 360 by the number of the sides of the given polygon, and 
the quotient will be the angle at the centre ; and this angle being sub- 
tracted from 180°, the difference will be the angl^ at the dicuiaferenoe, 
i-tK][uired. 



Table, showing the angles at the centre, and circwnference. 


Trigon H . 

Tetragon ... . 4 . 


Angles 
at centre. 
. . 120° 
. . 90° 


' Angles at 
circumference. 
. . . 60° 
. . . 90° 


Pentagon . . . . 5 . . 
Hexagon .... 6 . 
Heptagon . . . . 7 . . 
Octagon . . . . 8 . . 
Nonagon .... 9 . 


. . 72° 
. . 60° 

. 51° 2^' 
. . 45° 
. . 40° 


. . . 108° 
. . 120° 
. . . 128° 341' 
. . . 135° 
. . . 140° 


Decagon .... 10 . , 


. . 36° 


. . . 144° 



To inscribe any regular polygon in a circle. 

From the centre C draw the radii C A, c B, making an angle equal 
to that at the centre of the proposed polygou, as contained in the pre- 
ceding table. Then the distance A B will be one side of the polygon, 
which, being carried round the circumference the proper number of 
times, will complete the polygon required. Fig. 1 3. 

To circumscribe a circle about a triangle. 

Bisect any two of the given sides, a B, B c by the perpendi- 
culars E F, DP. From the intersection F as a centre, and with the 
distance of any of the angles, as a radius, describe the circle required 
Fig. 14. 

To circumscribe a circle about a square* 

Draw the two diagonals a C, B d intersecting each other in o. From 
O as a centre, and with o A, or O B, as a radius, describe the required 
cii-cle. Fig, 15. 

To circumscribe a square about a circle. 

Draw the two diameteva a^, CD ^cr^u^\t\i^«x\ft ^asSa. ^IW, through 
the points A, C, B, D, draw IW V^a^wiXa y.y, y.^,^\l,is >i>^yficA.^^^>j^^ 
will be the sq.viaie requited. Fig* ^^* 
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To reduce a map, or plan, from one scale to another. 

Divide the given 6gure A C by cross lines, forming as many squares 
as may be thought necessary. Draw a line £ F, on which set off as 
many parts from the scale M, as A B contains parts of the scale N. 
Draw £ H, and F a perpendicular to £ F, and each equal to the propor- 
tional parts contained in A d, or B C. Join H G, and divide the figure 
£ G into the same number of squares as the original A C. Describe in 
every square what is contained in the corresponding square of the 
given figure ; and E F G H will be the reduced plan required. The 
same operation will serve either to reduce, or enlarge any map, plan, 
drawing, or painting. Fig. 17. 

To make a triangle equal to a given quadrilateral A B c d. 

Draw the diagonal A c, and parallel to it D £, meeting b a produced 
at E, and join C £ : then will the triangle C £ B be equal to the given 
quadrilateral A B C D. Fig, 18. 

To make a triangle equal to a given pentagon abode. 

Draw D A and D B, and also E F, C G parallel to them, meeting a b 
produced at F and G ; then draw d f and D G, so shall the triangle 
D F G be equal to the given pentagon abode. Fig. 19. 

Observation, — As the area of every triangle is equal to the product of 
half its perpendicular height, multiplied by its base, the area of any 
iiTeguIar rectilineal figure can be readily obtained by the foregouig 
problems. 

MENSURATION OF PLANES^ AND SOLIDS. 

Mensuration is of three kinds, viz., lineal, superficial, and solid. 
Lineal measure has reference to length only. 
Superficial measure {or the surface) includes length, and breadth. 
Solid measure (or the content) comprehends length, breadth, and 
thickness. 

MENSURATION OF PLANES. 

ITie area of any plane figure is the supei-ficial measure contained 
within its extremes, or bounds. This area is estimated by the number 
of small squares that may be contained in it, the side of these measuring 
squares being an inch, a foot, or any other fixed quantity, and hence 
the area is said to be so many square inches, squai'e feet, &c. Vide 
Table, Square measure. Page 322. 

To find the area of a parallelogram, whether a square, rectangle, &c. 

Multiply the length by the breadth, or jjerpendicular height, for the 
area required, 

« 

Example. — Required the area of a rectangle, whose len^Jli \% ^ ^<ifc\., 
and bi^eadth 4 feet. 

P X 4 = 36 feet. The reqmr«aL axea, « %\»i*R^. 
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lb find the area of a triangle, its hose, and perpendicular height 

being given. 

Multiply the baM by the perpendiciilur height, and half the prodBct 
will be the area. 

Example. — Required the Domber of aqnare yarda oontained m a 
triangle, whose base is 20 yards, and perpendicalar height 14 yards. 

= 140 square yards. Area required. 

7b find the area of a triangle, whose three sides are given. 

From half the sum of the three sides, subtract each side seyerally ; 
multiply the half sum, and the three remainders together, and ihe 
square root of the product will be the area required. 

Example, — Required the area of a triangle, whoee sides are 50, 40, 
and 30 feet. 

50 + 40 + 30 

^ '— = 60, half the sum of the three sides. 

2 

60 - 30 = 30 First difference. 

60 - 40 = 20 Second difference. 

60 - 50 = 10 Third difference. 

30 X 20 X 10 X 60 =360000. 

Square root of 360000 = 600. Area required. 

Jbo sides of a right-angled triangle being given, to find the third 

side. 

1. When the two sides forming the right angle are given, to find 
the hypothenuse, or side opposite the right angle. 

Take the square root of the sum of the two sides squared for tlie 
bide required. 

Example. — Required the length of the interior slope of a rampart, 
whose perpendicular height is 17 feet, and the base of the slope 
20 feet. 

17 X 17 = 289 

20 X 20 = 400 

The square root of 689 = 26* 24. The length required. 

2. When the hypothenuse, and one of the perpendicular sides are 
given. 

From the square of the hypothenuse, subtract the square of the 
given side, and tiie square root of the remainder will be the side re- 
quired. 

Example. — The hypothenuse being 5 yards, and the base 4 yards, 
required the other side. 

5 X 5 = "iS 



The square toot oi ^=^T^^. -IXi^iv^^^^SS^xvj^. 
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To find the area of a trapezium, A B C D, 
Draw the diagonal A c, upon which let fall from its opposite angles 
B, and D, the pei-pendiculars B P, D E. Find hy measurement the 
diagonal A C, ami the perpendiculars b P, D E, then multiply the sum 
of the perpendiculars by the diagonal, and half the product will be the 
area of the trapezium. — Fig, 20, Plate 3, Practical Geometry, 

Example. — Required the area of the trapezium, whose diagonal A C 
is 100 feet, and perpendiculars B P 30 feet, and D £ 40 feet. 



= 3500 square feet. Area required. 

Or divide the trapezium into two triangles by a diagonal, then find 
the areas of these triangles, and add them together. 

To find tJie area of a trapezoid, A B C D. 

Multiply the sum of the parallel sides A b, D C by the perpendicular 
distance e c, and half the product will be the area. Fig, 21, Plate 3, 
Practical Geometry, 

Example. — Required the area of the trapezoid A B c D, of which 
the parallel sides A b, D are 120 feet, and 90 feet, and the perpendi- 
cular distance E c 40 feet. 



= 4200 square feet. Area required. 

To find the area of an irregular figure, or polygon. 

Draw diagonals dividing the figure into trapeziums, and triangles ; 
then, having found the area of each, add them together, and the sum 
will be the area required. 

To find the area of a figure, having a part hounded by a curve. 

Draw a right line joining the extremities of the curve, then find the 
area of the trapezium. On the right line let fall as many pei-pendicu- 
lars as the several windings of tibe curve may require. Find their 
lengths, and divide their sum by the number of perpendiculai-s, and 
the quotient will be the mean breadth ; which being multiplied by the 
lengtii of the right line, will give the area of the curved part. This 
area being added to that of the trapezium will give the area of the 
required figure. 

To measure long irregular figures. 

Measure the breadth at both ends, and at several places at equal 
distances. Add together all these intermediate breadths, and half the 
two extremes, which sum multiply by the Imgth, and divide by the 
number of parts of the area. If the per^ivdv&wVax^, w Xix^-i^^SiBA^^ife 
not at equal distances, compute all tVie '^^atVft »e^Ktw\«^^ , ^ ^ft tbkss^ 
trapezoids, and add them all togetheT for tJaft N«\tfAft «c^^ 
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Example. — The breadths of an irregular figure at five [equidistant 
places being 8, 2, 7, 9, 4, and the whole length 40, required the 
area. 

8+4=12 12+2=6 

6+2+7+9 = 24 

24X40 

— - — = 240. Area required. 
4 

To find the mupJ}er of square acres in any of the preceding figures.* 

Divide the 'superficial content in feet by 43560 (or in jards by 
4840), and the quotient will be the number required. 

To bring square chains to acres. 

Of f>quare chains strike off one decimal place to the right, and the 
rest of the figures will be acres. 

To bring square links to acres, roods, and perches. 

Of square links cut off five of the figures on the right hand, for 
decimals, and the rest will be acres ; then multiply these decimals by 
4, for roods, cutting off five figures as before ; and the decimals of 
these again by 40, for perches, when five figures are again to be struck 
off. 

To find the area of a regular polygon. 

Multiply the perimeter (or sum of the sides) of the polygon by the 
perpendicular drawn from its centre on one of its sides, and take half 
the product for the area. 

Or, multiply the area of one of the triangles by the number of sides 
of the polygon, and the product will be the ai-ea of it. 

Example. — Required, the area of a regular hexagon, whose side is 
40 feet, and the perpendicular 34 • 64 feet, 

40 X 6 = 240 the perimeter. 

240x34*64 

-* = 4156*8 square feet. Area required. 



* Gunter's chain is in length 4 poles = 22 yards = 66 feet, and is divided 
into 100 links. Each link is therefore z^ of a yard, or ^ of a foot, or 
7 '92 inches, /.and t« esftmafed in acres, roods, and perches, ^n acre contains 
10 square chains, or as much as 10 chains in length and I chain in breadth * or 
in yards it is 220 X 22 = 4840 ; or in poles it is 40 X 4 = 160 square poles ; or 
in linkii it is 1000 X 100 = 100,000 square links. An acre is divided into 4 parts 
called roods, and a rood into 40 parts called perches, which are square poles, or 
thesquare of a pole of 5i yards long, or the square of a quarter of a chain, or 
of 25 links, which is 625 linlcs. Thus the divitiions of land measure are— 

625 square linlcs = 1 pole, or perch. 
40 percXx^ft = I rood. 
4 TooAs = \ «CT^. 

The lenirth of lines, measviTeA wVXx ^ c\va\^,%\vwJv^>afe ^\. Wc.\ti links as 
integers, instead of \n chaiia*. auCi AscVmaXv 1>as£t%\sstfc, vfiMa >i«. ^w«5«s^^^,^ 
/oim<l, it wlU be in aquate UnJ^a, 
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To find the diameter t and circumference of any circle ^ the one from 

the other. 

Use either of the following proportions : 

as 7 is to 22 \ J so is the diameter 

or as 1 is to 3*1416 / (to the circumference. 

as 22 is to 7 . "^ J so is the circumference 

or as 3*1416 is to 1 / \ to the diameter. 

Or, instead of dividing the diameter by 3*1416 multiply it by '3183, 
for the circumference. 

Example 1. — Required, the circumference of a circle, whose diameter 
is 20 feet 

As7 : 22 : : 20 : 62*857 feet. Circumference required. 

Example 2. — Required, the diameter of a circle, whose circum- 
ference is 36 inches. 

As 22 : 7 : : 36 : 11*45 inches. Diameter required. 

To find the dwmeter of a circle ^ the area being given. 

' Divide the aiea by • 7854, and the square root of the quotient will 
be the diameter required. 

Example. — Required, the diameter of a circle, whose area is 176 * 715 
square feet. 

176*715-^7854 = 225. 

Square root of 225 = 15 feet. Diameter required. 

To find the area of a circle, 

1. Multiply half the circumference by half the diameter, or multiply 
the whole circumference by the whole diameter, and take ^ of the 
product. 

2. Or, square the diameter, and multiply that square by *7854 for 
the area. 

3. Or, square the circumference, and multiply that square by 
*07958. 

Example 1. — Required the area of a circle, whose circumference is 
55*548 inches, and its diameter 18 inches. 

55*548 

=27*774 half circumference. 

2 

18 

-— s= 9 half diameter. 

27*774 X 9 = 249*966, square inches. Area requii-ed. 

Example 2. — Required the area of a circle whose diameter is 12 
feet. 

12x12 = 144, square of thie d\ameUx. 

• 7854 X 144 = 113 *0976 squaie ieftV^ X-wa. t^j^vc's^ 
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Example 3. — Required the area of a circle, whose circumferenoe is 
22 feet. 

22 X 22 = 484. 
4»4 X '07958 = 38-51672 square feet. Area required. 

To find the area of a circular ring, 

or space included between the circumferences of two circles, the one 
within the other. 

1 . Subtract the square of the less diameter from the square of the 
greater, and multiply their difference by *7854. 

2. Or, find the area of each ciicle separately, and subtract one from 
the other, for the area required. 

3. Or, multiply the sum of the diameters by the diflference of the 
same, and that product by *7854 for ihe area. 

Example. — Requii-ed the ai-ea of a ring, the diameters of whose 
bounding circles aie 10, and 20. 

By Rule 3. 

20 + 10 = 30, sum of diameters. 

20 — 10 = 10, difference of diameters. 

30 X 10 X '7854 = 235-62. The area. 

To find the length of any arc of a circle. 

1. As 360° is to the number of degrees in the arc, so is the circum- 
ference to the length of the ai"c 

2. Or, multii)ly the degrees in the given arc by the radius of the 
circle, and the product by -01745 for the length of the arc. 

Example. — Rule 2, — Required the length of an arc of 30°, the 
radius being i) feet. 

30 X 9 X -01745 = 4-7115. Length of arc. 

To find the area of the sector of a circle. 

Multiply the radius by the ai-c, and half the product will be the 
area. 

Example. — Required the area of the sector, whose radius is 30 
inches, and the length of the arc 36 • 6 inches. 

= 549 square inches. Area required. 

To find the area of the segment of a circle. 

Find the area of the sector, by the preceding rule. Then find the 

area of the triangle formed by the chord of the segment, and the radii 

of the sectx>r. Then, \f lYie ^e^wvN. \ife \ess than a semicircle, subtract 

the area of the triangle from \\.^ w,"\l \)ftfe «y§Kv«vx\.\jfe ^^iater than a 

semicircle, add the area oii lYie \xW^\ft \.q \x \ ^^^ "Cafe v^«s. .jji Siw. vt^ 

znent. 
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Example. — Required tlie area of a segment less than a semicircle, 
the radius being 20 inches, the chord 22 • 42 inches, the length of the 
arc 24*43 inches, and the perpendicular 16*56 inches. 

24*43 X 20 

— = 244*3 square inches. Area of the sector. 



22*42 X 16-56 ^ - j g^ . gg^g / square inches. 



2 

\ Area of the triangle. 

244*3 - 185'6376 = 58*6624 / *.^"*^® *°°^®j 

( Area required. 



To find the area of a semicircle, 

1. Multiply J of the circumference by the radius, and the product 
will be the area. 

2. Or, multiply the square of the diameter by * 7854, and half the 
product will be the area. 

Example. — Bule 2, — Required the area of a semicircle, the diameter 
being 50 inches. 

50 X 50 X '7854 _ ggj -^ ( square inches. 
2 I Area required. 

To find the area of an ellipsis, or oval. 

Multiply the longest diameter, or axis, by the shortest, then multiply 
the product by *7854 for the area. 

Example. — Required the area of the ellipse, whose diameters are 
25 inches, and 18 inches. 

25 X 18 X '7854 = 353*43 square inches. Area required. 

To find the area of a parabola, or its segment. 

Multiply the base by the perpendicular height, and take two-thirds 
of the product for the area. 

Example. — Required the area of a parabola, whose base is 20 feet, 
and height 12 feet. 

20 X 12 = 240 

j of 240 = 160 square feet. Area required. 

MENSURATION OF SOLIDS. 

A solid is a body containing length, breadth, and thickness. 

Solids are measured by cubes, whose sides are each an inch, a foot, 
a yard, &c., and the solidity, capacity, (h* content of any figure is 
computed by the number of such cubes as are contained in. It. — V^Aa 
Cubic Measure, page 320, 

A cube is a solid contained by six e<^ua\ square 8\^«ft. 
A pyramid is a solid whose sides aie a\\ U\wQ^«& m^>Mi^ Vw|?^»«^ 

2k ^^ 
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in a point, the base being any plane figure whatever. It is called a 
triangular pyramid when its base is a triangle ; a square pyramid when 
its base is a square, &c. 

The segment of a pyramid, cone, or any other solid is a part, 
D E F G, cut off frono the top, by a plane D E F, parallel to the base 
A B c. — Vide Fig. 21, Plate 2, Heights, Distances, and Practical 
Geometry. 

Afrustrum, or trunk, is a pai-t, A B C D E F, that remains at the 
bottom after the segment is cut of. 

A cone is a round pyramid, of which the base is a circle. 

The axis of a solid is a line from the vertex (or point) to the centre 
of the base, or through the centres of the two ends. When the axis is 
perpendicular to the base, it is a right prism, pyramid, or cone ; other- 
wise it is oblique. 

A sphere is a solid contained under one convex surface and is 
described by the revolution of a semicircle about its diameter which 
remains fixed. 

The centre of the sphere is such a point within the solid as is eveigr- 
where equally distant from the convex surface, or circumference of it. 

The diameter (or axis) of a sphere is a straight line, which passes 
through the centre, and is teiminated by the convex surface. 

A segment of a sphere is a part cut off by a plane, the section of 
which is always a circle, called the base of the segment, 

A sector of a sphere is that which is composed of a segment (less 
than a hemisphere) and of a cone. 

A prism is a solid, the sides of which ai*e parallelograms, having its 
ends equal, and similar plane figures. 

Prisms are named according to the number of angles in the base. 

A cylinder is a solid, the two ends of which are circular ; and it is 
described, or formed, by the revolution of a right-angled parallelogram 
about one of its sides, which remains fixed. 

To find the superficies of a prism, or cylinder. 

Multiply the perimeter of one end of the prism by the lenorth, 
or height of the solid, and the product will be the surface of all its 
sides. To which add also the area of the two ends of the piism, when 
required. 

Or, compute the areas of all the sides and ends separately, and add 
them all together. 

Example. — Required the surface of a cube, whose sides are each 
5 inches. 

5 + 5 + 5 + 5 = 20, perimeter of one end. 

20 X 5 = 100, surface of sides. 

5x5 = 25, area of one end. 

100 + 25 + 25 = 150 square inches. Surface of cube. 

To find the surface of a pyramid, or cone. 

Multiply the perimeter o£ ^e \»sft \>^ V^«i %\^\A height, or length of 



1>AKT XIIl] MENSUBATION OF SOLIDS, 371 

the side, and half the product will be the surface of the sides; to which 
add the ai-ea of the base when required. 

Example. — Required the upright surface of a triangular pyramid* 
the slant height being 20 feet, and each side of the base 3 feet. 

3 + 3-1-3 = 9, perimeter of base. 

9 X 20 =90 leet. Surface required. 

To find the surface of the f rostrum of a pyramid, or cone. 

Add together the perimeters of the two ends, multiply their sum by 
the slant height, and take half the product. 

Example, — How many square feet are in the surface of the frustrum 
of a square pyramid, whose slant height is 10 feet, each side of the 
base 3 feet, and each side of the less end 2 feet ? 

3-1-3 + 3 + 3= 12, perimeter of base. 
2 + 2-1-2+2= 8, perimeter of less end. 

=100 feet. Surface required. 

To find the solid content of a prism, or cylinder. 

Find the area of the base, or end, and multiply it by the length of 
the prism, or cylinder. For a cube, multiply its side twice by itself ; 
and for a parallelopipedon, multiply the length, breadth, and depth 
together for the content. 

Example. — Required the solid content of a cube, whose side is 
24 inches. 

24 X 24 X 24 = 13824 square inches. Content required. 

To find the content of the solid part of a hollow cylinder. 

From the content of the whole cylinder considered as a solid, sub- 
tract the content of the hollow part, also considered as a solid, and the 
difference will be the solidity required. 

Example, — Required the content of the solid part of the hollow 
cylinder whose exterior diameter is 12 inches, the interior diameter 
8 inches, and height 20 inches. 

12 X 12 X •7854 = 113-0976, area of base of cylinder. 

113-0976 X 20 = 2261-952, solidity of whole cylinder. 

8 X 8 X '7854 = 50-2656, area of base of hollow cylinder. 

50-2656 X 20 = 1005*312, content of hollow part. 

2261-952 — 1005-312 = 1256-64 cubic inches. Solidity required. 

To find the solidity of the frustrum of a cylinder. 

Multiply the area of the base by half the greatest^ and the least 
lengths, and the product will be the solidity* 
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Example. — Required the solidity of a frustram, whose diameter is 
24 inches, the greatest length 36 inches, and tiie least length 
20 inches. 

24 X 24 = 576. Square of the diameter. 
576 X '7854 = 452 •3904. Area of the base. 

452-3904 X ^2±12. = 12666-9312 / S^,^i?j^«^^-. ^ 

2 \ Solidity required. 

To find the content of a pyramidy or cone. 

Find the area of the base, and multiply that area by the perpen- 
dicular height, and take \ of the product. 

Example, — Required the solidity of a square pyramid, each side of 
its base being 30, and its perpendicular height 25. 

30 X 30 = 900, area of base. 

900 X 25 „^^^ _ ,.^.^ . , 

= 7500, Solidity required. 

o 

To find the solidity of the frustrum of a cone, or pyramid. 

Add into one sum the areas of the two ends, and the mean propor- 
tional between them : take J of that sum for the mean ai*ea, which 
multiply by the perpendicular height, or length of the frustrum. 

Note, — To find a mean proportional. 

As one of the sides of the base is to the homologous, or correspond- 
ing side of the other end, so is the area of the base to the mean pro- 
portional required. 

Example, — Required the number of solid feet in a piece of timber, 
whose bases are squares, each side of the greater end being 15 inches, 
and each side of the less end 6 inches ; also the length of the perpen- 
dicular altitude 24 feet. 

15 X 15 = 225, area of the base. 
6 X 6 = 36, area of the top. 
As 15 : 6 : : 225 : 90, mean proportional. . 

24 feet = 288 inches. 



225 + 36 + 90 X 288 

= 33696 cubic inches = 19J cubic feet. 

o 

To find the surface of a sphere, or any segm.ent. 

Multiply the circumference of the sphere by its diameter, which will 
give the whole surface. 

Or, square the diameter, and multiply by 3*1416. 
Or, square the circumference, and multiply by '3183 ; 
*> ,, and divide by 3-1416. 

Note, — For the sur/oce of the segmenf, or frustrum, multiply- the 
whole drcumference o£ tVie B^«t«\>^ >i)tA'W\^\.Ql\.bai^t required. 
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Example, — Required the superficies of a globe whose diameter is 
24 inches. 

24 X 24 X 3 '1416 = 1809 '5616 square inches. 

To find the solidity of a sphere or globe* 

1. Multiply the surface by the diameter, and take ^ of the pro- 
duct. 

Or, multiply the square of the diameter by the circumference, and 
take 4 of the product. 

2. Cube the diameter, and multiply by '5236. 

3. Cube the circumference, and multiply by * 01688. 

Example, — -Required the content of a sphere, whose axis is 12. 
12 X 12 X 12 X -5236 = 904-7808. Content required. 

To find the solidity of a hemisphere. 

. Find the solidity of the Sphere, and half the content will be that of 
the hemisphere. 

Note 1. — Any sphere, or globe trtAce the diameter of another con- 
tains /our times the superficies, or area of the other, and eight times the 
solid content. Hence the superficies of spheres are as the squares, and 
the solidity as the cubes of their diameters. 

liote 2. — ^The cube of the diameter of a sphere in inches, multiplied 
by * 00188, will give the number of imperial gallons it will contain. 

To find the solid content of a spherical segm£nt, 

1. From three times the diameter of the sphere, take double the 
height of the segment ; then multiply the remainder by the square of 
the height, and this product by '5236. 

2, Or, to three times the square of the radius of the segment's base 
add the square of its height ; tlien multiply the sum by the height, 
and the product by • 5236. 

Example. — Required the content of a spherical segment 2 feet in 
height, cut from a sphere of 8 feet diameter. 

(3 X 8) - (2 + 2) = 20 

20 X 2' X "5236 = 41*888 cubic feet. Content required. 

To find the diameter of a sphere^ its solidity being given. 

Divide the solidity by '5236, and take the cube root of the quotient. 

Example. — The solidity of a sphere being 113*0976 solid inches, 
what will be its diameter ? 

= 216, the cube root of which is 6 inches, the diameter 

•5236 

required. 
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To find the voeight of an iron shot, its diameter being given. 

Take | of the cube of the diameter, and | of that eighth, and the 
sum of these two quotients will be the weight in pounds. 
Or, as 64 is to 9 lb., so is the diameter cubed to its weight. 

Example, — Required the weight of an iron shot whose diameter is 
3 • 5 inches ? 

3*5 cubed =42*875, cube of diameter. 



42-875 



= 5*359 



5-359 



= -669 



8 8 

5 • 359 + • 669 = 6 • 028 pounds. Weight required. 

To find the voeight of a leaden hall^ its diameter being given. 

Take \ of the cube of the diameter, and from it subtract \ of this 
third, and the remainder will be the weight, nearly. 
Or, take j^, of the cube of the diameter. 

Example, — What is the weight of a leaden ball whose diameter is 
3-3 inches? 

3*3 cubed = 35-937, cube of diameter. 



35-937 



= 11-979 



11-979 



= 3-993 



3 3 

1 1 • 979 — 3 • 993 = 7-986 pounds. Weight required. 

To find the diameter of an iron shot, its weight being given. 

Multiply the cube root of the shot's weight by 1*923 for the 
diameter. 



Pr. 


Cube root. 




Diameter. 


42 


3-4760, &c. 




6-684, &c. 


32 


3-1748 


• 

• 


6-103 „ 


24 


2-8844 


^- 


5-545 „ 


18 


2*6207 


T3 «M 1 


•5-038 „ 


12 


2-2894 


.2 ® 


4-401 „ 


9 


2-0800 


Cu a; 
■•5 "S 


3-999 „ 


6 


1-8171 


3 e 


3-494 „ 


3 


1-4422 


is|j 


2-772 „ 



To find the diameter of a leaden ball, its weight being given. 

To 4 times the weight add half the weight, and y^ of half the 
weight ; and the cube root of this sum will be the diameter in inches, 
nearly. 

Example, — What is the diameter of a leaden ball, whose weight is 
8 pounds. 

8x4=32 1=4 ^of4=-12. 

32 -f- 4 + • 12 =36* 12, of which the cube reot is 3 -3 inches, nearly. 
Diameter required. 
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To find the weight of an iron shell, its interior and exterior dittrnfittr 

being given. 

Take ^ of the difference of the cubes of the extcrnnl aiui intonud 
diametei-s, for the weight of the shell in pounds. 

Example. — What is the weight of a shell whose exterior dituuetor 
is 12*85 inches, and interior diameter 8*75 inches? 

12*85 cubed = 2121*8241. 8*75 cubed = 069*0218, 

2121*8241 - 669*9218 = 1451*9022. 

^ of 1451 '9022 = 204-1737 pounds. Weight required. 

To find the quantity of powder a shell will contain. 

Divide the cube of the interior diameter in inches by 57*3, and the 
quotient will be the weight in pounds. 

Or, multiply the cube of the diameter by 11, and divide by 21 for 
the quantity iu half ounces. 

Example. — ^How much powder will fill a shell, whose internal 
diameter is 7 inches ? 

7 cubed =343. 

343 

— 7 = 6 pounds nearly. Powder required. 

To find the side of a cubical box to contain a given quantity of 

powder.* 

Multiply the weight in pounds by 30, and the cube root of the 
product will be the side of the box in inches. 

Example. — Required thu side of a cubical box to hold 50 pounds of 
powder ? 

50 X 30 = 1500, iho cube root of which is 11*44, which will be 
the side of the box in inches* 

To find the quantity of p(Pi?(tffr io fill the ofifimf>er of a mortar y or 

howitif^r. 

Multiply the cont«it frf fhe ohfltnW )fi [uvM^n by 55, and divide 
the product by 1728, and the ^tKrtient will Uj the quantity of powder 
in pounds. 

Note. — The chamber of n tnfrrlar, m* li/»Wli)W»r, Is formed of a hollow 
frustrum of a right cone, and tif a holk»w hftni^pherc. 

Example. — Required the qnatiflff '»f J»*»w»lftr to fill the chamber of 
a 13-inch mortar in which the (\mn^\*^t h h J» U* 5 inches, the diameter 



* 57*3 is Che nttraber of tfma^ tftpi^rfU^f <MiftlMfn«d in a cable foot, when 
shaken; and 65 pounds when Mi «mM(< A^<lor(llng to the first case, one 
poond cf powder w}il oeetf tff ^ bniAb wtm^ \ aiid aocordlng to the second case, 
on« ponna win oeev|»y 91 '^iisit tiHMb ifM4H*». 
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c E 6 • 5 inches, and the length D G 21 • 5 inches. Vide Fig, 22. Plate 2. 
Heights and Distances, and Practical Geometry. 

The content of the chamber must be found by finding the content of 
the hollow frustrum of the cone, and that of the hemisphere {vide pre- 
ceding rules) : which in this example will be 999 '9741875. 

^^ 999-9741875x55 „, 

Then =31 pounds, nearly. 

To find the quantity of powder to fill a rectangular box. 

Divide the content (viz., length x breath x depth) of the box in 
inches by 30 for the pounds of powder. 

Example, — How much powder will fill a box, the length being 
15 inches, the breadth 12, and the depth 10 inches? 

15X12X10 -1800 ^^ J XT v 

— = --—-=60 pounds. JN umber required. 

30 30 *^ ^ 

To find the quantity of powder to fill a cylinder. 

Multiply the square of the diameter by the length, then divide by 
38 • 2 for the pounds of powder. 

Example. — How much powder will the cylinder contain, whose 
diameter is 10 inches, and length 20 inches ? 

10X10X20 ^^, 

38^2 ~ ^ pounds, nearly. 

To find the size of a shelly to contain a given weight of powder. 

Multiply the pounds of powder by 57*3, and the cube root of the 
product will be the diameter in inches. 

Example, — Required the diameter of a shell to contain 6 lb. of 
powder ? 

6 X 57 '3 = 343*8, the cube root of which is 7, the diameter re- 
quired, in inches. 

To find wliat length of a cylinder (or lore of 'a gun) will he filled by a 

given weight of powder. 

Multiply the weight in pounds by 38*2, and divide the product by 
the square of the diameter in inches, for the length required. 

Example. — What length of a cylinder 8 inches in diameter will be 
filled with 20 lb. of powder ? 

— - — -— =11|§ inches. 
8x8 ^^ 

To find the content , and weight of a piece of ordnance. 

Divide the length of the gun into as many sections as may be found 
necessary. Find the covilewt, o£ each (6y preceding rules) and from 
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their sum subtract the content of a cylinder, whose length is equal to 
that of the bore, and its diametei* equal to that of the calibre of the 
piece ; multiply the difference (if it be a brass gun) by 5*0833, (if an 
iron gun) by 4*2968, and the product will be Uie weight in ounces. 

Note, — A cubic inch of gun metal weighs 5*0833 ounces. 
Ditto of cas^ iron 4*2968 ounces. 

To find the content of a cask. 

Multiply half the sum of the areas of the two interior circles, viz., 
at the head, and bung, by the interior length, for the content. 

Or, to the area of the head, add twice the area at the bung, multiply 
that sum by the length, and take one-third of the product. 

Example, — Required the content of a cask, its greatest interior 
diameter being 24 inches, its least interior diameter 20 inches, and the 
interior length 30 inches. 

24 X 24 X '7854 = 452*3904, area of large circle. 

20 X 20 X '7854 = 314*1600, area of small circle. 

452*3904+314-1600 „„„ „„^^ ^ ,^ 
■ — ^ =383*2752, half sum. 

Then 383*2752 x 30 = 11498*256, the content; which being 
divided by 277J (the number of cubic inches in a gallon) will give the 
number of gallons contained in the cask. 

11498*256 
Thus — — --— = 41*4725, &c. Number of gallons required. 
^77*a5 

Note, — The content of any vessel in cubic feet, multiplied by 6*232 
(or if in inches by '003607) will give the number of imperial gallons 
it will contain. 



EPITOME OF MENSURATION. 

OP THE CIRCLE, CYLINDER, SPHERE, ETC. 

1. The circle contains a greater area than any other plane figure, 
bounded by an equal perimeter, or outline., 

2. The areas of circles are to each other as the squares of their 
diameters ; any circle twice the diameter of another contains four times 
the area of the other. 

3. The diameter of a circle being 1, its circumference equals 3 • 1416. 

4. The diameter of a circle is equal to * 31831 of its circumference. 

5. The square of the diameter of a circle being 1, its area equals 
• 7854. 

6. The square root of the ai'ea of a circle, multiplied by 1 • 12837, 
equals its diameter. 

7. The diameter of a circle, multiplied by '8862, or the circum- 
ference multiplied by *2821, equals the side of a square of equal 
area. 
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8. The sum of the squares of half the chord, and rersed sine, divided 
by the versed sine, the quotient equals the diameter of the correspond- 
ing circle. 

9. The chord of the whole arc of a cirde taken from eight times 
the chord of half the arc, one-third of the remainder equals the length 
of the arc. 

10. Or, the number of degrees contained in the arc of a circle, mul- 
tiplied by the diameter of a circle, and by '008727, the product equals 
the length of the arc in equal teims of unity. 

11. The length of the arc of the sector of a circle multiplied by its 
radius, half the product is the area. 

12. The area of the segment of a circle equals the area of the sector, 
minus the area of a triangle whose vertex is the centre, and base equals 
the chord of the segment. 

13. The sum of the diameters of two concentric circles multiplied 
by their diflference, and by * 7854, equals the area of the ring, or space 
contained between them. 

14. The sum of the thickness, and internal diameter of a cylindric 
ring multiplied by the square of its thickness, and by 2*4674, equals 
its solidity. 

15. The circumference of a cylinder multiplied by its length, or 
height, equals its convex sui-face, 

16. The area of the end of a cylinder multiplied by its length, equals 
its solid content. 

17. The area of the interaal diameter of a cylinder multiplied by its 
depth, equals its cubical capacity. 

18. The square of the diameter of a cylinder multiplied by its 
Jength, and divided by any other required length, the square root of 
the quotient equals the diameter of the other cylinder of equal solidity, 
or capacity. 

19. The square of the diameter of a sphere multiplied by 3*1416, 
equals its convex surface. 

20. The cube of the diameter of a sphere multiplied by * 5236, 
equals its solid content. 

21. The height of any spherical segment, or zone, multiplied by the 
diameter of the sphere, of which it is a part, and by 3* 1416, equals the 
area, or convex surface of the segment ; 

22. Or, the height of the segment multiplied by the circumference 
of the sphere of which it is a pai-t, equals the area. 

23. The solidity of any spherical segment is equal to three times the 
square of the radius of its base, plus the square of its height, and mul- 
tiplied by its height, and by *5236. 

24. The solidity of a spherical zone equals the sum of the squares 
of the radii of its two ends, and one- third the square of its height, mul- 
tiplied by the height, and by 1 * 5708. 

25. The solidity of the middle zone of a sphere equals the sum of 
the square of either end, and two-thirds the square of the height, mul- 
t/plied by the height, and by -IftS^. 
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26. The capacity of a cylinder 1 foot in diameter, and 1 foot in length, 
equals 4*895 iropei-ial gallons. 

27. The capacity of a cylinder 1 inch in diameter, and 1 foot in length, 
equals *034 of an imperial gallon. 

28. The capacity of a cylinder 1 inch in diameter, and 1 inch in 
length, equals -002832 of an imperial gallon. 

29. The capacity of a sphere 1 foot in diameter, equals 3*263 im- 
perial gallons. 

30. The capacity of a sphere 1 inch in diameter, equals '001888 of 
an imperial gallon. 

31. Hence the capacity of any other cylinder in imperial gallons is 
obtained by multiplying the square of its diameter by its length ; or 
the capacity of any other sphere by the cube of its diameter, and by 
tthe number of imperial gallons contained as above in the unity of its 
measurement. 

OP THE SQUARE, RECTANGLE, CUBE, ETC. 

1. The side of a square equals the square root of its area. 

2. The area of a square equals the square of one of its sides. 

3. The diagonal of a square equals the square root of twice the square 
of its side. 

4. The side of a square is equal to the square root of half the square 
of its diagonal. 

5. The side of a square, equal to the diagonal of a given square, con- 
tains double the area of the given square. 

6. The area of a rectangle equals its length multiplied by its 
breadth. 

7. The length of a rectangle equals the area divided by the breadth ; 
or the breadth equals the area divided by the length. 

8. The side, or end of a rectangle, equals the square root of the sum 
of the diagonal, and opposite side to that required, multiplied by their 
difference. 

9. The diagonal in a rectangle equals the square root of the sum of 
the squares of the base, and perpendicular. 

10. The solidity of a cube equals the area of one of its sides mul- 
tiplied by the length of one of its edges. 

11. The edge of a cube equals the cube root of its solidity. 

12. The capacity of a 12-inch cube equals 6*232 gallons. 

Surfaces and Solidities of the reguhr hodieSj token the linear edge is 1. 



No. of Sides. 


Names. 


Surfaces. 


Solids. 




4 

6 

8 

12 

20 


Tetrahedron 
Hexahedron 
Octahedron . . 
Dodecahedron . 
Icosahedron. . 


1-7320508 
6- 

3-4641016 

20-6457788 

8*6602540 


0-1178513 

1* 

0-4714045 

7*6631189 

2*1816950 


\ 
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The tabular suifEice multiplied by the square of the linear edge, the 
product equals the surface required ; 

Or, the tabular solidity, multiplied by the cube of the linear edge, 
the product is the solidity required. 

OP TRIANGLES, POLYGONS, ETC. 

1. The complement of an angle is its defect from a right angle. 

2. The supplement of an angle is its defect from two right angles. 

3. The sine, tangent, and secant of an angle, aie the cosine, cotan- 
gent, and cosecant of the complement of that angle. 

4. The hypothenuse of a right-angled triangle being made radii, its 
sides become the sines of the opposite angles, or the cosines of the 
adjacent angles. 

. 5. The three angles of every triangle are equal to two right angles ; 
hence the oblique angles of a right-angled triangle are each other's 
complements. 

6. The sum of the squares of the two given sides of a right-angled 
triangle is equal to the square of the hypothenuse. 

7. The diffeience between the square of the hypothenuse, and given 
side of a right-angled triangle is equal to the square of the reqoii'ed 
side. 

8. The area of a triangle equals half the product of the base multi- 
plied by the perpendicular height ; 

9. Or, the area of a triangle equals half the product of the two 
sides, and the natural sine of the cont;»ined angle. 

10. The side of any regular polysjon multiplied by its apothem, or 
perpendicular, and by the number of its sides, half the product is the 



area. 



Table of the Areas of regular polygons whose sides are unity. 



Name 


No. 


of 


of 


polygon. 


sides. 


Triangle . 


3 


Square 


4 


Pentagon , 


5 


Hexagon . 


6 


Heptagon . 


7 


Octagon . 


8 


Nonagon . 


9 


Decagon . 


10 


Undecagon 


11 


Dodecagon 


12 



Apothem, 

or 

perpendicular. 



0' 

0- 

0' 



1 

1 

1" 

1 

1' 

1 



2886751 

5 

6881910 

8660254 

0382607 

2071068 

3737387 

5388418 

7028436 

8660254 



Area, 
when side is 
one, or unity. 



0' 4330127 

1- 
•7204774 
•5980762 
•6339124 
•82S4271 
•1818242 
•6942088 
•3656399 
•1961524 



1 
2 
3 
4 
6 
7 
9 
11 



Interior 


1 
Central 


angle. 


angle, i 

1 


O 1 


o t 


60 


120 


90 


90 


108 


72 


120 


60 


128 343 


51 253 


135 


45 


140 


40 


144 


36 


147 164 


32 43X 


150 


30 



The tabular area of the corresponding polygon multiplied by the 
square of the side of \iie ^\\en i^lygon, equals the area of the given 
polygon. 
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PAET XIV. 
TEIGONOMETKY. 

Plane trigonometry treats of the relations, and calculations of the 
sides, and angles of plane triangles. 

The measure of an angle is an arc of any circle contained between 
the two lines which form that angle, the angular point being the 
centre ; and it is estimated by the number of degrees contained in that 
arc. Hence a right angle being measu)*ed by a quadrant, or quarter 
of a circle, is an angle of 90 degrees. The sum of the three angles 
of every triangle is equal to 180 degrees, or two right angles; there- 
fore, in a right-angled triangle, tailing one of the acute angles from 
90 degrees, leaves the other acute angle ; and the sum of the two 
angles in any triangle, taken from 180 degrees, leaves the third angle ; 
or one angle being taken from 180 degrees leaves the sum of the other 
two angles. 

Definitions, 

The Sine of an arc is the line drawn from one extremity of the arc 
perpendicular to the diameter of the circle which passes through the 
other extremity. 

The Versed sine of an arc is the part of the diameter intercepted 
between the arc, and its sine. 

The Supplement of an arc is the difiference, in degi'ees, between the 
arc, and a semicircle, or 180 degrees. 

The Complement of an arc is the difiference, in degrees, between flie 
Bxc, and a quadrant, or 90 degrees. 

The Tangent of an are is a line touching the circle in one extremity 
of that arc, continued from thence to meet a line drawn from the 
centre through the other extremity; which last line is called the Secant 
of the same arc. 

The Cosine f Cotangent, and Cosecant of an arc are the sine, tangent, 
and secant of the complement of that arc, the Co being only a contraction 
of the word complement. 

The sine, tangent, or secant of an angle, is the sine, tangent or 
secant of the arc by which the angle is measured, or of the degrees, 
&c., in the same arc, or angle. Vide also JDefinitions, Practical 
Geometey, page 358. 

l^re are tvo Methods of resolving triangles, or the cases of trigo- 
nometry — ^viz.. Construction, and Computation, 

Ist method, — ^The triangle is constructed by makm^^^cv^ i\\<i&^xvsak 
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a scale of equal parts, and laying down the angles from the protractor. 
Then, hj measuring the unknown parts by^the same scale, the solution 
will be obtained. 

2nd metJiod. — Having stated the terms of the proposition, resolve 
it like any other proportion, in which a fourth term is to be found 
from three given terms, by multiplying the second and third terms 
together, and dividing the product by the first. 

Note, — Every triangle has six parts — viz., three sides, and three 
angles ; and, in every case in trigonometry, there must be given three 
of these parts to find the other three. Also of the three parts that 
are given, one of them at least must be a side ; because, with the same 
angles, the sides may be greater, or less, in any proportion. 

Computation, 

Case 1. — When a side and its opposite angle are tvoo of the gwen 
parts. 

The sides of any triangle having the same proportion to each other, 
as the sines of their opposite angles ; then — 

As any one side, is to the sine of its opposite angle ; so is any other 
side, to the sine of its opposite angle. 

To find an angle^ begin the proportion with a side, opposite to a 
given angle ; and, to find a side, begin with an angle opposite to a 
given side. 

Case 2. — When two sides, and their contained angle, are given. 

As the sum of the two sides, is to the difTerence of the sides, so is 
the tangent of half the sum of their opposite angles, to the tangent 
of half the difference, of the same angles. Then by adding half the sum 
to half the difference the greater angle will be ascertained; and by 
subtracting half the difference from the half sura, the lesser angle will 
be determined. All the angles being consequently known, the side 
required will be found, as in Case 1. 

Case 3. — When the three sides of a triangle are given, to find the 
angles. 

Let fall a perpendicular from the greatest angle, on the opposite 
side, or base, dividing it into two segments; and the whole triangle 
into two right-angled triangles : then the proportion will be — 

As the base, or sum of the segments, is to the sum of the other two 
sides ; so is the difference of those sides, to the difference of the seg- 
ments of the bases ; then add half the difference of the segments to 
the half sum, or the half base, for the greater segment ; and subtract 
the same for the less segment. Hence, in each of the two right-angled 
triangles, there will be known two sides, and the right angle opposite 
to one of them, consequently the other angle will be found by the method 
in Case 1. 

Case 4. — When in a right-angled triangle, one side and the armies 
are given, to find the other side, or the hypothenuse. 

As radius {i.e., sine of 90°, or tangent of 45°), is to the given side; 
BO is the tangent of its adjacent angle to the other side: and so is the 
secant of the same angle to l\ift\i^^\>afttwaa« 
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USEFUL THEOREMS, AND COROLLARIES. 

1. When one line meets another, the angles, which it makes on the 
same side of the other, are together equal to two right angles, 

2. All the angles, which can be made at any point (by any number 
of lines), on the same side of a right line, are, when taken all together, 
equal to two right angles: and, as all the angles that can be made, on 
the other side of the line, are also equal to two right angles ; therefore 
all the angles that can be made quite round a point, by any number 
of lines, are equal to four right angles. Hence also the whole circum- 
ference of a circle, being the sum of all the angles that can be made, 
about the centre, is the measure of four right angles. 

3. When two lines intersect each other, the opposite angles are 
equal. 

4. When one side of a tnangle is produced, or extended, the out- 
ward angle is equal to the sum of tbe two inward opposite angles. 

5. In any triangle, the sum of all the three angles is equal to two 
right angles (180°). Hence, if one angle of a triangle be a right 
angle, the sum of the other two angles will be equal to a right angle, 
(90°). 

6. In any quadrilateral, the sum of all the four inward angles is 
equal to four right angles. 

7. In any right-angled triangle, the square of the hypothenuae (or 
side opposite to the right angle) is equal to the sum of the squares of 
the other two sides. Therefore, to find the hypothenuse^ add together 
the squares of the other two sides, and extract the square root of that 
sum : and to find one of the other sideSy subtract from tlie squara of 
the h3rpothenuse the square of the other given side, and extract the 
square root of the remainder for the side required. 

8. cosine = V (1 — sin.^) 

9. sine -f- cosine = tangent. 

10. cosine -7- sine = cotangent. 

11. sin.2 -j- COS.* = rad.2 

12. rad.2 + tan.* = secant.^ 

13. 1 -f- tan. =r cotangent. 

14. 1 -4- cotan. = tangent. 

15. 1 -4- sine = cosecant. 

1 6. 1 -f- cosine = secant. 

17. 1 -*- cosecant = sine. 

18. 1 -S- secant = cosine. 

19. rad. — cosine = versed sine. 

Thus, we may, instead of dividing by a sine, multiply by the 
cosecant ; instead of dividing by a tangent, multiply by the cotangent 
of the same arc ; and so of others. 

RIGHT-ANGLED TRIANGLES. 

1. (hypoth.)2 = base2 + perp.2 

2. base* = (hypoth. + perp.) X (hypoth. — perp.) 
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3. perp.' = (hypoth. + base) X (h3rpoth. — base.) 

4. perp. = l»se X tan. angle at base. 

5. hyp. = base X sec. angle at base. 

6. perp. 4- base = tan. angle at base. 

7. base + perp. = tan. angle at vertex. 

8. hypoth. -I- base = sec. angle at base. 

9. hypoth. -4- perp. = sec. angle at vertex. 

10. base -f- hypoth. = cosine angle at base. 

11. perp. -i- hypoth. = sine angle at base. 

TRIGONOMETRY, WITHOUT LOOARTTHHS.* 

" In all the more elaborate and refined operations of trigonometiy, 
it is not only desirable, but necessary, to employ some of the larger 
logarithmic tables, both to save time and to ensure the requisite 
accuracy in the results. But in the more ordinary operations, as in 
those of common surveying, ascertaining inaccessible heights, and 
distances, reconnoitring, &c., where it is not very usual to measure 
a distance nearer than within about its thousandth part, or to ascertain 
an angle nearer than within two or three minutes, it is quite a useless 
labour to aim at greater accuracy in a numerical result. Why com- 
pute the length of a line to the fourth or fifth place of decimals, when 
it must depend upon another line, whose accuracy cannot be ensured 
beyond the unit's place ? Or, why compute an angle to Seconds, when 
the instrument employed does not ensure the angles in the data beyond 
the nearest minute? In the following Table are brought together the 
natural sines and cosines^ &c., to every degree in the quadrant, and 
this table will be found sufficiently extensive and con-ect for the various 
pi-actical purposes above alluded to. The requisite proportions must, 
it is true, be worked by . multiplication, and division, instead of by 
logarithms. Yet this by no means involves such a disadvantage as 
might seem at fii"st sight. For when the measured lines are expressed 
by three, or at most four figures, the multiplications and divisions 
are performed nearly as quick, and in some cases quicker, than by 
logarithms. Then as to accuracy, even in cases where the computer 
will have to take proportional parts for the minutes of a degree, the 
result may usually, if not always, be relied upon to within about « 
minute." 



* In Lleut.-Colonel B. Jackson's scientific •• Treatise on Military Surveying, 
&c., &c., &€.," Portable trigonometry without logarithfM, is thus introduced— 

" The following useful application of Trigonometry, by means of the natural 
sines, tangents, &c., is taken from an early number of that valuable periodical, 
• The Mechanic's Magazine,' and will be found particularly suited to the pur- 
poses of the military surveyor." 
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" The preceding table is so arranged that for angles not exceeding 
45 degrees, the sine and cosine for anj number of degrees will be 
found opposite to the proposed number in the left-hand column, and 
in the column under the appropriate word. When the number of 
degrees in the arc, or angle, exceeds 45 degrees, that number must be 
found in the right-hand column, and opposite to it in the column 
indicated by the appropriate word at the bottom of the table. Thus, 
the sine, and cosine of 36 degrees are '58778, and '80902 respectively ; 
the tangent and cotangent of 62 degrees are 1*88073, and '53171 
respectively ; the radius of the table being unity, or 1. The taking of 
proportional parts for minutes can only be done correctly in those 
parts of the table where the differences between the successive sines, 
&c., run pretty uniformlv. Suppose we want the natural sine of 
20° 16'. The sine of 21* degrees is -35837, that of 20 degrees is 
•34202 ; their difference is -01635. This divided by 60 gives -0002725 
for the proportional part due to 1 minute, and that again multiplied 
by 16 gives '00436 for the proportional part for 16 minutes. Hence 
the sum of '34202 and -00436, or '34638, is very nearly the sine of 
20° 16'. But the operation may often be contracted by recollecting that 
10 minutes are ^, 15 minutes are {, 40 minutes are J of a degree, and 
so on. Observe, also, that for cosines the results of the operations for 
proportional parts are to be deducted from the value of the required 
trigonometrical quantity in the preceding degree." 

APPLICATION OP TRIGONOMETRY, WITHOUT LOGARITHMS, 

to the determination of heights, and distances. 

Example 1. — Having measured a distance of 200 feet in a direct 
horizontal line from the bottom of a steeple, the angle of elevation of 
its top, taken at that distance, was found to be 47° 30', frwn hence it 
is required to find the height of the steeple ? 

By deducting 47° 30' from 90°, the angle opposite the given side 
will be found (42° 30'). ^ 

Then hy Case 1. Trigonometry: — 

As sine ^ 42° 30': 200 :: sine £ 47° 30': 

Or -67556 : 200 : : '73723 : 208*2, &c., height required. 

By construction — • 

The triangle is constructed by making the side from a scale of equal 
parts, and laying down the angles from the protractor. Then by 
measuring the unknown parts by the same scale, the solution will be 
obtained. 

Example 2. — Being on the side of a river, and requiring the distance 
to a house on the other side, 200 yards were measured in a straight 
line by the side ©f the river, and at each end of this base line the 
Tangles with the bouse were 68° 2', and 73° 15' — required the distance 
from each end of the base line to the house ? 

The sum of the given angles (68° 2' + 73° 15') subtracted from 
180"^ wm give the third au^U (38° 43'}. 
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Then by Case 1. Trigonometry : — 

As sine ^ 38° 43' : 200 : : sine ^ 680 2' 

• 62544 : 200 : : • 92739 : 296 • 5, first distance required. 
As sine ^ 38^ 43' : 200 : : sine : ^ : 73° 15' 

• 62544 : 200 : : • 95753 : 306-1, second distance required. 

Similarly to the preceding examples, heights, and distances may 
he rapidly (and for military purposes, suffioiently accurately) com- 
puted in the field, by means of the foregoing trigonometrical table, if 
proper attention is paid to the principles by which the unknown angles 
of triangles may bo ascertained : a base line, and requisite angle, or 
angles, having been given. 

It will, however, be necessary to use advantageously the methods 
in Cases I, 2, {vide Trigonometry), and also the propeities in the 
subsequent theorems, and corollaries.* 

Table, 

showing the reduction in feet , and decimals upon 100 feet ^ for the 
following angles of elevation, and depression. 



Angle. 


Redaction. 


Angle. 


Reduction. 


Angle. 


Reduction. 


O f 




o » 




o r 




3 


•14 


9 


. 1'22 


15 


3-40 






9 30 


1^38 


15 30 


3-64 


4 


•25 


10 


1-52 


16 


3-88 






10 30 


1-68 


16 30 


4^12 


5 


•38 


11 


1^84 


17 


4-37 






11 30 


2-01 


17 30 


4-63 


6 


•55 


12 


2-19 


18 


4^90 


6 30 


•65 


12 30 


2-37 


18 30 


5-17 


7 


•76 


13 


2-56 


19 


5^44 


7 30 


•86 


13 30 


2-77 


19 30 


5-74 


8 


•98 


14 


2-97 


20 


6*08 


8 30 


1^10 


14 30 


3-18 


20 30 


6-33 



The reduction for 100 feet (from the above table) multiplied by the 
number of times 100 feet measured, will give the quantity to be sub- 
tracted from the measured length of an inclination, to reduce it to a 
horizontal position. 



* For further Information on Surveying, and Reconnoitring, reference should 
be made to the higbly-valued publication, entitled " A Tbkatisb ok Miutaby 

SUBVEYINO, INCLUDING SKI£TCHIN0 IN THE FlP.LD, PlaN |)RAWING, LKVELLWO, 

MiLTTART Ubcoknoissakge, &c./' by Lieut.-Colonel Basil Jackson, containing a 
full account of every surveying instrument, and the right adaptation of them. 
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Table, 

showing the rate ofmcUnation of indined planeSffor the following 

angles of elevation. 



Angle. 


One in 


Angle. 


One in 


Angle. 


One in 


o » 




o » 




o » 




15 


228 


3 30 


17 


7 


8 


030 


114 


3 45 


16 


7 30 


74 


45 


76 


4 


15 


8 


7 


1 


56 


4 15 


14 


9 


6i 


1 15 


46 


4 30 


13 


10 


6 


1 30 


38 


4 45 


12 


11 


5|. 


1 45 


32 


5 


Hi 


12 


5^ 


2 


28 


5 15 


11 


13 


5 


2 15 


26 


5 30 


lOi 


14 


4i 


2 30 


23 


5 45 


10 


15 


4 


2 45 


21 


6 


9i 


16 


3f 


3 


19 


6 30 


9 


17 


3^ 


3 15 


18 


6 45 


8i 


18 


»t 



SURVEYING, AND RECONNOITRING. 

HEIGHTS, AND DISTANCES. 

The accurate determination of heights and distances of objects being 
requii*ed in vaiious military operations, especially for the position of 
batteries, the following methods for their attainment will be found 
useful, when the requisite instruments are at hand ; by frequent prac- 
tice the eye should, however, be enabled to determine, nearly^ either 
the height of, or distance from, any object. 



HEIGHTS. 

1. — BY MEANS OP A "POCKET SEXTANT,*' 

to ascertain the height of an object. 

When the sextant is used for taking the height of objects, it is to be 
held vertically, and the quicksilvered part of the horizon glass will be 
on the left hand of the observer, or on the left part of the transparent 
glass. Altitudes are measured in the same manner as horizontal angles, 
for if we conceive the horizontal triangle ABC (vide Plate Heights 
AND DiSTANCES,/>a^5 346) to be raised on its base A C with the angle 
C next to the observer, then the perpendicular A B becomes the height 
of the object B ; and supposing the object to stand on a hoiizontal plane, 
then the ground and the object form the right angle at A ; therefore, 
fjf^Ae object is accessible , the sextant need only be set at any of the 
angles mentioned for distances Qoide Art. Distances), and walking 
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backward on the line A C until the top of the object is brought down 
to the height of the observer's eye from the ground, then the distance 
from where the observer stands to the object will be in the same 
proportion to its height as the base was to the distance. Then add the 
height of the eye from the ground, and the height of the object will be 
ascertained. If the object is not accessible, the angle must be taken, 
and calculated by trigonometry. 

2. — BY MEANS OF A PORTABLE BAROMETER, AND THERMOMETER, 

to ascertain the height of an object. 

Observe the altitude (B) of the mercurial column in inches, tenths, 
and hundredths, at the bottom of the hill, or other object, the height 
of which is required. 

Observe, also, the altitude (b) of the mercurial column at the top of 
the object. Observe the temperature on Fahrenheit's thermometer at 
the times of the two barometrical observations, and take the mean 

B— b 
between them. Then 55000 X g— r= the height of the hill in feet, 

for the temperature of 55 degrees on Fahrenheit. Add -j^ of this 
result for every degree which the mean temperature exceeds 55 degrees, 
and subtract as much for every degree below 55 degi^es. This will 
be a good approximation when the height of the hill is below 2000 
feet. 

3. — BY MEANS OP THE RECONNOXTRING PROTRACTOR,* 

to measure the height of an inaccessible object, 

[^Plate, SuBVETiNo, aiid Reoonkoitbino, Fig. 1.] 

Place yourself at a convenient distance from the object .whose height 
is required, taking care to have a good base line to the second station. 
Hold the protractor vertically, with a steady hand, the tube side 
uppermost, and bring the top of the object in a line with the centre of 
the tube. Allow the arm (or index) to vibrate freely, and, when 
steady, note the angular height of the object (shown by the edge of the 
index on the marginal scale of degrees). By the aid of points taken 
through the tube, or by pickets, then pace, or measure a base in a 
direct line from the object ; and, when arrived at the second station, 
again note the angular height of the object. 

Construction- 
Set off the angles, and draw the respective L'nes, which by their 
intersection, will determine the height of the perpendicular, to which 
the height of the protractor above the ground must be added for the 
altitude of the object. By using the s^e of the measured base line, 
the height required will be ascertained, or it may be calculated by 
"Trigonometry, without logarithms." — Page 384. 



* fide page 393. 
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To measure the height of an accessible object, 
[^PkUe, SuBVETiKO, Ain> RECONNorrBnro, Fig. 2.3 
At an appropriate distance from the object, take its angular height, 
and measure the distance to its base.* 

Construction — 

Draw a line representing this distance, at one end of which draw 
another line at the angle found, and at the other erect a perpen- 
dicular ; the intersection of these lines will determine the altitude of 
the object. 

To measure the vertical height of a hill, or mountain. 

IFig. 3, PlcUCj Surveying, and REOONNorrBiNO.] 

From a station a short distance from the hill, take, and note down 

its angular height ; then select a rear position for a base line, using the 

tube of the protractor to insure a straight direction ; proceed to the 

requisite distance on the base, and again note the altitude of the hill.* 

Construction — 

The intersection of lines drawn from each end of the base line, at 
the angles found, will determine the altitude ; the perpendicular height 
of which, added to that of the protractor above the gi'ound, will give 
the altitude required. 

To measure the altitude of a tower, ^c, on a height, 
\_Fig. 4, Plaie^ Subvetino, and Rkconnoiteing.] 

From the fii"st station, near the base, take the altitude of the hill, 
and also that of the tower above it, and note down these angles ; pro- 
ceed to another station in a straight line with the former one, measuring 
its length, and again observe the angular height of the hill, and also 
that of the top of the tower. 

Similarly to the previously described mode, ascertain, first, the 
height of the hill ; second, the height of the hill, and tower ; deduct 
the first calculation from the second, which will leave the height of the 
tower, 

4. — BY THE SHADOW OF THE OBJECT, 

to ascertain the height. 

Set up vertically a staff of known length, and measure the length oi 
its shadow upon a horizontal, or other plane ; measure also the length 
of the shadow of the object of which the altitude is required. Then, by 
the property of similar triangles. 

As the length of the shadow of the staff 

is to the altitude of the staff, 
so is the length of the shadow of the object 

to the altitude of the object. 



* In all the foregoing cases the belgbts may be correctly ascertained by tri- 
gonometrical calculations (vide TaiaoKOMsrar, without Looabithms, page 
384), 



I^laU ^. 
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6.— WHEN THERE IS NO SHADOW, 

to ascertain the height. 

» 

Place a staff (equal in length to the height of the observer's eye) 
vertically at such a distance from the foot of the required altitude, 
that the observer, having laid himself upon his back, with his feet 
against the bottom of the stick, may see the top of the staff and object 
in the same line. TheB, by similar triangles, the height may be 
I'eadily ascertained. 

6. — BY MEANS OP THE TANGENT SCALE OP A GUN, 

to ascertain the height of an ohjectf the distance being known. 

Lay the gun for the top of the object the height of which is re- 
quired, then raise the tsingent scale until the tup of it and the notch on 
the muzzle are in line with the bottom of the object : then, by similar 
triangles, 

As the length of the gun 

is to the length of the raised part of the tangent scale, 
80 is the distance from the gun to the object 
to the height required. 

7. — Br MEANS OF TWO PICKETS, 

to ascertain the height of an object. 

[Vide Plate, Heights, and Disxances, jxi^e 3S8.] 

Let two pickets C D (4 feet), E F (6 feet), be placed with their 
bases in the line C A passing through A the height required, and move 
them nearer to, or faither from each other, until the summit B of the 
object is seen in the same line as D, and F, the tops of the rods. Then, 
by the principles of similar triangles, 

As D H (= C E) : F H : : D G (= C A) : B G. 
To which add A G = C D for the whole height A B. 

Thus, supposing C E to be 6 feet, F H 2 feet, and C A 150 feet, the 
proportion will be. 

As 6 : 2 : : 150 : 50 feet. 

Then 50 + C D will be the altitude required. 

DISTANCES. 

1. — BY MEANS OF THE SEXTANT,* 

to find the distance from an dbject, whose height is known. 

Let A B represent the height of the object ; C your station ; and 
C B the distance to be found. 

Take the angle BOA with the sextant,* and note it in minutes ; 

* Or Recounoitring protractor. 
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then A B, in feet X 573 4- B C A, in minutes = A C in fathoms. 
Or A B in feet X 573 -4- B C A, in minutes X 2 = A C in yards. 




573 is a constant multiple. 

This method requires no table of sines, &c., the number of minutes 
in the angle being used instead of the sine. 

2. — BY MEANS OF A POCKET SEXTANT, ' 

to measure inaccessible distances. 

When used for taking the distance of objects, the sextant is to be 
held horizontally, and the quicksilvered part of the glass will be 
uppermost, or above the transparent part. 

To ascertain the distance A B {vide Plate 2, Fig. 2), obtain, by 
observation, the direction A C perpendicular to A B, which is thus 
peiformed: — Set the instrument at 90*^, and place yourself at the 
point A, with your right towards the point B ; then look through the 
sextant, and direct a picket to be placed in the line A C at 100 yards, 
or feet, from you, so that the point B will appear right above it. 
Then set the sextant at 45°, and walk along the line towards C until 
you bring the points A and B to coincide ; the base and perpendicular 
will then be of equal length, and A C being known, or mesisured, the 
distance A B will also be ascertained. But if you cannot walk far 
enough to find angle C 45°, find it equal to 63° 26-', and then 
A C = ^ AB; at 71° 34' == ^ A B ; at75°58' = } AB; at780 41' 
= i A B ; at 80O 32' = i A B ; at 82° 52' = J AB ; and at 84° 17' 
the distance will be ^ A B. 

Should the object be far distant, it will be necessary to take a 
long base, and the side A B must loe calculated, therefore, by tri- 
gonometry. 

3. — BY MEANS OF THE PRISMATIC COMPASS, 

to measure inaccessible distances. 

Having fixed the instrument to the stand, place it over the station- 
point, spreading the legs so as to give sufficient firmness, and observing 
that the card is level enough to allow it to play freely; raise the 
prism by means of the slide, until the divisions of the compass-card 
are distinctly seen ; then look through the slit, and turn the box round 
until the thread bisects the object whose distance is required ; allow 
the card to settle, and the division on it, which coincides with the 
thread of the vane, will \)e the az,vm.\itli, or bearing of the object. 
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reckoned from the north ; or south point of the needle, when the card 
is divided into twice 180 degrees. The angular distance between any 
two objects will, of course, be the difference of their beaiings ; thus, 
suppose one to bear 15^ N.E., and the other 165° S.E., the angular 
distance between them will be 150°. 

In military sketching, the compass is often supported merely by the 
hands ; using the little spring to check the yibrations of the card. In 
windy weather, the mean of these yibrations must be taken for the 
beai'ing sought. 

The directions for Surveying, &c., &c., by means of " The Recon- 
noitring protractor," apply similai'Iy to the " Piismatic compass." 

4. BY MEANS OP " THE RECONNOITRING PROTRACTOR," 

to ascertain the distance from inaccessible objects,^ 

{Plate, SuBVBYiKo, and REComroiTaiNO, Fig. 6.] J 

Select a good position for a base line; fix the protractor on the 
tripod at the first station, placing the instrument in a direct line 
between the first station and the point selected for the second station. 
Direct the index consecutively at the objects, the relative distances of 
which are to be ascertained, and note correctly their respective angles. 
When the object is above the horizontal line, the sliding-sight must be 
sufficiently raised to take its bearing ; and, should the object be below 
the level of the protractor, its angle may be taken by observation 
through the upper holes of the near sight ; or the feet of the tripod 
may be adjusted, by raising, or sinking them in the ground, so that the 
index may be correctly directed to the object. Then proceed to the 



' * 1. The Reconnoitring protractor is not intended to supply the place of the 
Theodolite, or other expensive inatnimeuts, when very great accuracy is re- 
quired in surveying, or in trigonometrical observations ; but, in the hands of 
ofiQcers accustomed to the use of it, bearings may be rapidly taken, heights and 
distances ascertained, roads traversed, &c, &c, with sufficient accuracy for a 
military survey, or reoonnoissance. 

The protractor has a tripod, on which it Is to be steadily fixed for taking 
angles, &c. ; but the instrument can nevertheless be used without the tripod ; 
and mounted officers may, after a little practice, make a reconnoissance with 
the protractor alone, especially if they are able to measure, or calculate the 
distance of base lines, by the length of the paces of their horses. 

2. A survey. &c., may be very rapidly taken in the field, by laying drawing- 
paper on the face of the protractor, under the marginal scale, fixing it firmly by^ 
means of drawing-pius in the sides, and using, at the first station, the edge of 
the index as a ruler to set off on the paper, at once, by observation through the 
sights, the angles of the objects whose distance is required ; drawing a baseline 
parallel to the tube side of the instrument, and also lines at the angles found. 
At the second station, the paper must be moved a few inches towards the first 
station, and the index is to be directed to the objects, as before, and lines are to 
be produ(»d until they intersect those drawn at the first station: thus the 
position of the objects will be obtained ; and, by using the scale on the index 
for the length drawn for the measured base line, as well as for the lines directed 
to the objects, their respective distances will be ascertained. 

3. The Reconnoitring protractor (invented by Major Griffiths, R.A.), and all 
other instruments for surveying, &c., &C., can be readily obtained from Messrs. 
Elliott, 30, Strand, London. 
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second station, measuring, or carefully pacing the base line, at the end 
of which Bx the protractor in a straight line between the two stations ; 
direct the index at the objects previously noted at the first station, 
taking their respective angles as before. 

Construction — 

Draw the base of the length required, according to the scale ; from 
each end of which set off the angles found, and draw the lines required ; 
the intei'section of these will deteimine the position of the several 
objects, and their relative distances may be asceiiained by measurement 
on the scale of the base line ; or they may be calculated trigonometri- 
cally. 

5. — ^BY MEANS OP TWO PICKETS, 

to ascertain the distance from an object. 

Take two pickets of unequal lengths, drive the shortest into the 
ground, say close to the edge of a river ; measure some paces back from 
it, and drive in the other, till you find, by looking over the tops of 
both, that your sight cuts the opposite bank. Pull up the first picket, 
measure the same distance from the second in any direction the most 
horizontal, and drive it as deep in the ground as before. Then, if you 
look over them again, and observe where the line of sight falls, or ter- 
minates, you will have the distance required. This method is only 
applicable to short distances. 

6. — To ascertain the distance of the object A from B, 

[Vide Plate 2, Fig.Z.] 

Place a picket at B, and another at C at a few yards' distance, making 
A B C a right angle, or B C perpendicular to A B.* Divide B C into 
4, 5, or any number of equal parts, making another similar angle at C 
in a direction from the object, and walk along the line C D until you 
bring yourself in a line with the object A, and any of the divisions 
(say 0) of the line B C. Then (having measured C D) 

AsCO: CD::BO:BA. 

Or, as 10 : 53 : : 30 : 159 yards. 

7. — To find the distance between two objects ^ C, and D. 

[VidtPlaU2,Fig,i..1 

From any point A, taken in the line C D, erect the peipendicular A E, 
on which set off from A to E 40 yards, set off from E to G, in the pro-v 
longation of A E, 10 yards, at G, raise the perpendicular G F, and produce 
it towards I, plant pickets at E, and G, then move with another picket 



To erect a perpendVcuAM, mdc " Practical Geometry." 
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on 6 F, till F is in a line with E, and D ; and on the prolongation of 
the perpendicular F G place another picket at I in the line with E, and 
C : measure F I (54 yards), then — 

asGE :AE::FI:CD; 

Or, as 10 : 40 : : 54 : 216 yards. 

8. — To find the inaccessible length, A, B, of the front of a fortification, 

{Plate 2, Fig. 5.] 

Plant a picket at C, from whence both points may be seen ; find the 
lengths C A, C B (by the method in No, 5) ; make C E one-fourth, or 
any part of C B, and make C D bear the same proportion to C A : 
measure D E ; then 

asCD:DE::CA:AB. 

Nearly in the same manner the distance from B to A may be ascer- 
tained, when the point B is accessible ; for having measured the line 
C B, and made the angle C E D equal to C B A, the proportion will be 
asCE:DE::CB:BA. 

9. — BY MEANS OP THE TANGENT SCALE OP A GUN, 

to ascertain the distance, the height of the object at the required 

distance being known. 

Lay the gun by the line of metal for the top of the object ; then 
raise the tangent scale till the top of it and the notch on the muzzle 
are in line with the foot of the object, and note what length of scale is 
required. 

Then, — by similar triangles — 

As the length of the raised part of the tangent scale 

is to the length of the gun ; 
so is the height of the distant object 
to the distance required. 

Thus, supposing the height of the object to be 9 feet, the length of 
that part of the tangent scale which is raised, 3 inches, and of the goii 
6 feet, the proportion will be — 

As 3 : 72 : : 108 : 2592 inches, or 216 feet. 

10. — BY MEANS OP THE PEAK OP A CAP, 

to measure the breadth of a river. 

Place yourself at the edge of one bank, and lower the peak of yoar 
cap till you find the edge of it cut the other bank, then steady your 
head by placing your hand under your chin, and turn round gently to 
some level spot of ground on your side of the river, and observe where 
your eyes and the edge of the peak again meet the ground ; measure 
the distance, which will be nearly the breadth of the river. 
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11. — BY THE REPORT OP FIRE-ARMS, TO ASCERTAIN THE DISTANCE 

OP ANY OBJECT, Vide SOUND, page 397. 
12. — BY EYE-SIGHT, to estimate distances, in the field. 

Good eye-sight recognises masses of troops at 1700 yards; beyond 
this distance the glitter of arms may be observed. At 1300 yaixls 
in&ntry may be distinguished from cavalry, and the movement of 
troops may be seen ; the horses of cavaliy are not, however, quite dis- 
tinct, but that the men are on horseback is clear. A single individual 
detached from the rest of the corps may be seen at 1000 yards, but his 
head does not appear as a round ball until he has approached up to 
700 yards ; at which distance white cross-belts, and white trousers 
may be seen. At 500 yards the fiice may be observed as a light 
coloured spot ; the head, body, arms, and their movements, as well as 
the unifoi-m, and the firelocks (when bright barrels) can be made out. 
At between 200 and 250 yards all parts of the body are clearly visible, 
the details of the uniform are tolerably clear, and the officers may be 
distinguished from the men. 

Vide " United Service Magazine."— No. CCCXXXI. 

BY MEANS OP THE RECONNOITRING PROTRACTOR, 

to traverse roads, 
[^Plate, ScEVETiNO, and RKCONNorrEiNG, Fig. 6 ] 

Fix the protractor on the tripod at the first station, placing it so 
that the side tube may be in a direct line with the intended second 
station. From each end of the tube observe the objects in sight (or 
place pickets) in order to secure a straight line in pacing, or measuring, 
from the first to the second station. Mark the distance between the 
stations, and place the protractor, by means of the tube, in a direct 
line with the first station. Then select the third station, and direct 
the arm or index correctly to it (using the upper holes of the near 
sight for a declivity, or raising the sliding sight for an ascent) ; note the 
angle thus found, and notice the objects in front, and rear (if any, if 
not, place pickets) for points to enable you to pace towards, and work 
with accuracy at the third station. Select station 4, place the tube iu 
line with the third and second stations ; note the bearing of No. 4, 
and pace the distance to it. Proceed thus from station to station, 
entering the angles and distances in your note-book, as well as the off- 
sets (which must also be carefully measured) from the lines taken, 
until the survey is completed. 

The traversing may be performed in a similar manner with the 
prismatic compass, &c. 

Construction — 

The day's work will be easily plotted on paper, by setting off the 
angles found, and drawing lines for the measured distances, according 
to scale. 
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SOUND. 

The movement commumcated to the particles of air by the vibra- 
tions of a sonorous body is the cause of the sensation of sound ; and it 
is because the particles are driven from the point of vibration in every 
direction, as from a centre, that the sound is perceived at once, every- 
where within the surface of a sphere of a ceiiain extent. 

The velocity of sound, or the space through which it is propagated 
in a given time, has been differently estimated by authors who have 
written on this subject. Koberval states it to be at the rate of 560 
feet in a second ; Gassendus at 1473 ; Mersenne at 1474 ; Duhamel at 
1338 ; Newton at 960 ; Derham, in whose measure Flamsteed and 
Halley acquiesce, at 1142. By accounts in the Memoirs of the Royal 
Academy of Sciences, at Paris, 1738, when cannon were fired at 
various distances, under many varieties of weather, wind, and other 
circumstances, and where the measures of the different places had been 
settled with the utmost exactness, it was found that sound was propa- 
gated on a medium, at the rate of 1038 French feet in a second of 
time, which is equivalent to 1107 English feet, the French foot being 
in proportion to the English as 15 to 16. 

From various experiments made with great care by Dr. 0, Gregory, 
it has been found that sound fiies through the air uniformly at the 
rate of about 1100 feet per second, when the air is quiescent, and at a 
medium temperature. At the temperature of freezing, or a little 
below, the velocity is about 1120. The approximate velocities under 
difierent temperatures may be found by adding to 1100 hcUf afoot for 
every degree on Fahrenheit's theniiometer above the freezing point. 
The mean velocity may be taken at 370 yards per second, or a mile in 
4J seconds. Hence, multiplying any time employed by sound in 
moving by 370, will give the corresponding space in yards, or dividing 
any space in yards by 370 will give the time which sound will occupy 
in passing imiformly over that space. If the wind blow briskly, as 
at the rate of 20 to 60 feet per second, in the direction in which the 
sound moves, the velocity of the sound will be proportionally aug- 
mented ; if the direction of the wind is opposed to that of the sound, 
the difference of their velocities must be employed. The velocity of 
sound is not affected by its intensity, the smallest sound moving as 
rapidly as the loudest. 

To ascertain the distance of any object by the report of fire-arms,* 

Multiply the number of seconds which elapse between the time of 
seeing the flash, and hearing the report by 1100, and the product 
will be the distance in feet, with sufficient accuracy for ordinary pur- 
poses. If greater accuracy be required, this rule must be modified, 
on account of the velocity, and du-ection of the wind, and state of the 
thermometer. 

Sound will be louder in proportion to the condensation of the air. 

* Plf(2e page 396. 
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Water is one of the greatest conductors of sound ; it can be heard on 
' water nearly twice as &r as upon land. 

RECONNOITRING* 

The following Memoranda wUi.terre to point out ^e principal 
objects to which an officer fciplojed on the impoiiant duty of 
Reconnoitring should direct hy attention. 

1. Thf particular nature of each district ^ ^c, of toountry ; and its 
productions* 

Infoimation should be obtained, and noted on the following subjects. 
What parts of the country are mountainous, or hilly, and what are 
level ; whether the hills are steep, broken by rocky ground, rise by 
gi-adual and easy slopes, or if the ground is undulated only in gentle 
swells. In what directions the ridges run, and which are their 
steepest sides. The nature and extent of their valleys, ravines, where 
they originate, in what direction they run, whether difficult of access, 
or to be easily passed. Whether the country is barren, or cultivated, 
and what is the kind of cultivation. If a country of pasturage, 
whether it is grazed by cattle, by sheep, or by horees, and in what 
numbers ; what parts of the countiy are open, and what are enclosed, 
and the description of the enclosures. What parts of the countiy are 
wooded, and with what species of trees. What the nature of the soil. 
What is the nature of the country, in reference to the operations of 
troops, what parts of it are favourable for the acting of cavalry, and 
what for infantry only. 

2. The rivers^ minor streams, and canals. 

The sources of Rivers, and the directions of their coui*se, whether 
they are rapid, or otherwise; their bieadth and depth and what 
variations they are subject to, at different seasons of the year ; the 
nature of their channels, and of their banks, whether rocky, gravelly, 
sandy, or muddy ; of easy, or of difficult access. 

Bridges. 

The Bridges across rivers whether of stone or of wood, their 
breadth, and length ; if accessible to Artillery,'^ and capable of bearinsj 
its weight. The nature of the Fords, if always passable, or at certain 
times, and seasons only ; whether their situations change (a ford 
should not exceed, in depth, 3 feet for infantry, 4 feet for cavalry, and 
2J feet for artillery). What rivers are navigable, and from and to 
what points, and by what description of vessels, or boats. 

Ferries. 

Their breadth, and the nature of their landing-place on each side ; 



* Extracted from "A Treatise on Military Surveying, including Sketching 
in the Field, Plan Drawing, Levelling, Military Reconnoissance, &c^" by Lieuc- 
Colonel Baall Jackson. 
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what description of boats are used on them, how many men, horses^ or 
carriages, each boat is capable of conveying, how much time the 
passage requires, and ill what manner it is perjtbrmed. 

Canals. 

Their course, lyeadth, and depth, the nature of the traffic carrie<l 
on u[)oa them, the number of the bosKlli usually to be found at different 
places, and the nature and dimensioot. of the boats, &c,, navigated. 

LakeSj and islets of the sea. 

Their situation, extent, and bound^es, what description of vessels 
can navigate them, &c. 

Marshes, 

Their situation, and extent, whether passable for th)op8 in any part : 
and if they continue thioughout the year, or exist only during the wet 
season.' 

3. Population^ resources, accommodations for troops^ ^c. 

The size of towns, and villages, and the number of their inhabitants, 
and whether well supplied with provisions, or not. The number of 
houses, churches, convents, or other public buildings, whether the 
houses are large, or small, what number of troops could be accom- 
modated in private houses, and what in public buildings ; what 
stabling there is, or other cover for horses ; if the town is walled, or 
open, favourably situated for defence, or othei-wise; if capable of 
being strengthened, and by what means. Plans, or sketches of walled 
towns, defensible villages, or detached buildings should always accom- 
pany the repoi-ts upon them. The number of carnages, horses, mules, 
and draught oxen in possession of each town, village, &c., should be 
stated, and what mills are in the town, or vicinity, and whether 
turned by wind, or water, what number of bakehouses, and quantity 
of bi"ead they can produce in a given time ; whether the place is un- 
healthy, or not ; if it be, whether it is in general unhealthy, or only so 
at paiticular seasons. 

Roads. 

Pai'ticular information must be obtained respecting the roads, in the 
description of which it is impossible to be too minute. Whether the 
road is fit for Artillery, wheel carriages, Cavalry, or for Infantry 
only, over what description of soil it passes, and to what injuries it is 
liable in bad weather : whether it is easily repairable,, or not ; 
whether materials ai*e to be found in the neighbourhood, whether any 
great improvement can be made in the general direction of ally part of 
the road, by adopting a new line, &c. Particular attention should be 
paid to the ascents and descents upon the i*oad, whether they are 
gradual or abrupt, rugged or stony, having short turns, or other 
difficulties. The femes, bridges, fords, &c., met with upon the road 
should be particularly described : the possibility of obstructing, or 
hi'eaking up the road •• as to prevent its being used by the enemy, or 
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of destroying the bridges or fords should be stated. The distances of 
the places along the road should be given, both in the measures of the 
conntiy, and in English miles. The time required to travel the 
different distances (at the ordinary walk of a man, or pace of a horse) 
should also be stated. The places to the right, and left, near the road, 
should be mentioned ; their distances from the road, and at what 
points the communications to them strike off. Whether there are any 
i-ailroads, and what facilities tfaey offer for the rapid transport of 
troops, artillery, provisions, &c. 

Camps f and Positions, 

All strong passes, posts, or more extensive positions, which present 
themselves either upon the line of a road, or in any other situation, as 
also all places favourable for encamping or bivouacking troops, should 
be particularly described, their situation, extent, facility of access, 
nature of soil, supply of water at all seasons, quantity and kind of 
wood, &c. 

A sketch of the ground should always accompany these reports. 
Sketches of positions should never be made upon a smaller scale than 
four inches to an English mile. More general sketches may be made 
upon a scale of two inches to a mile, and tracings of roads upon a 
scale of one inch to a mile. In all Reports, officers should state 
<listinctly what parts of the information they contain rest upon their 
own personal examination of the objects in question, and what upon 
the authority of others, and in the latter case, they should mention the 
source of their information. 



THE END. 
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